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METHODS OF PROPAGATING MONKEY
ADENOVIRAL VECTORS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Stage under 35 U.S.C.
§371 of International Application No.: PCT/US2010/

055991, filed Nov. 9 2010, which claims the benefit of U.S.
Provisional Appl. No. 61/259,343, filed Nov. 9, 2009, the

content of which 1s incorporated by reference herein 1n 1ts
entirety.

INCORPORAITTION-BY-REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

Incorporated by reference 1n 1ts entirety herein 1s a com-
puter-readable nucleotide sequence listing submitted concur-
rently herewith and 1dentified as follows: One 38,463 Byte
ASCII (Text) file named “SEQ_Listing. TXT,” created on
Nowv. 8, 2010.

FIELD OF THE INVENTION

The present invention relates to monkey adenoviruses, and
methods for growing monkey adenoviruses, which enable
their use 1n a variety of applications, including the treatment
and prevention of human diseases.

BACKGROUND OF THE INVENTION

Recombinant eukaryotic viral vectors have become a pre-
terred means of gene transfer for many researchers and cli-
nicians. In vivo gene transfer 1s a strategy 1n which a nucleic
acid, usually 1n the form of DNA, 1s administered to el

ect
expression of the protein product of the transferred gene 1n a
location that 1s beneficial to the recipient. The benefit can be
the induction of an immune response to the gene product, 1.e.,
vaccination, or modification of the genetic repertoire of target
cells for therapeutic purposes. This can be accomplished effi-
ciently using a recombinant adenoviral vector encoding a
so-called “transgene.” Adenoviral vectors have advantages
over other vectors commonly employed for gene transier
(e.g., retroviral vectors) since adenoviral vectors (1) can be
produced in high titers (i.e., up to 10'° viral particles/ml); (ii)
they efficiently transfer genes to nonreplicating as well as
replicating cells; (111) recombination is rare; (1v) there are no
known associations of human malignancies with adenoviral
infections despite common human infection with adenovi-
ruses; (v) the adenoviral genome can be manipulated to
accommodate foreign genes that range 1n size; (vi) an aden-
oviral vector does not 1nsert its DNA 1nto the chromosome of
a cell, so its eflect 1s impermanent and unlikely to interfere
with the cell’s normal function; and (vi1) live adenovirus,
having as an essential characteristic the ability to replicate,
has been safely used as a human vaccine (Straus, In Adenovi-
ruses, Pienan Press, New York, N.Y., 451-496 (1984); Hor-
witz et al., In Virology, 2nd Ed., Fields et al., eds., Raven
Press, New York, N.Y., 1679-1721 (1990); Berkner, Biolech-
nigues, 6: 616 (1988); Chanock etal., /AMA, 195: 151 (1966);
HajAhmad et al., J. Virol., 57: 267 (1986); and Ballay et al.,
EMBOJ 4:3861 (1985)). The human adenovirus 1s one of the
most widely used recombinant viral vectors 1n current viral
vectored vaccine and gene therapy protocols.

In terms of general structure, all adenoviruses examined to
date are nonenveloped, regular icosahedrons of about 65 to 80
nanometers 1n diameter. Adenoviruses are comprised of lin-
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car, double-stranded DNA that 1s complexed with core pro-
teins and surrounded by the adenoviral capsid. The proteins
of the capsid are the targets of neutralizing antibodies and the
different serotypes possess distinct amino acid sequences 1n
the capsid proteins that are on the outside of the viral particle.

Adenoviruses belong to the family Adenoviridae, which 1s
divided into five genera, Mastadenovirus, Atadenovirus, Sia-
denovirus, Aviadenovirus, and Ichtadernovirus. The adenovi-
ruses 1n the genus Mastadenovirus infect mammals only and
include the human, chimpanzee, and monkey adenoviruses.

Adenoviruses provide an elegant and efficient means of
transferring transgenes into cells. However, one problem
encountered with the use of adenoviral vectors for gene trans-
fer in vivo 1s the presence ol pre-existing immunity to aden-
ovirus that was acquired by the recipient through natural
exposure to the adenoviruses. Primarily, infection with aden-
ovirus throughout life induces the generation of antibodies to
antigenic epitopes on adenoviral capsid proteins. I sufficient
in titer, the antibodies can limait the efficacy of the adenovirus
gene transier vector. In addition, the administration of an
adenovirus vector can imnduce immunity; thus an adenovirus
may not be used more than once as an effective gene transier
vehicle. For instance, animal studies demonstrate that intra-
venous or local administration (e.g., to the lung, heart or
peritoneum) of an adenoviral type 2 or 5 gene transfer vector
can result 1n the production of antibodies directed against the
vector which prevent expression from the same serotype vec-
tor administered 1 to 2 weeks later (see, e.g., Ye1 et al., Gene
Therapy, 1: 192-200 (1994); Zabner etal., Nat. Gen., 6: 75-83
(1994); Setoguchi et al., Am. J. Respir. Cell. Mol. Biol., 10:
369-377(1994); Kass-Eisler et al., Gene Therapy, 1: 395-402
(1994); Kass-Eisler et a)., Gene Therapy, 3: 154-162 (1996)).
This 1s a drawback 1n adenoviral-mediated gene transier,
since many uses of an adenoviral vector (e.g., for inducing or
boosting the immune response to a pathogen or providing a
second dose of a therapeutic) require repeat administration.
The mechanism by which antibodies directed against an
adenovirus are able to prevent or reduce expression ol an
adenoviral-encoded gene 1s unclear. However, the phenom-
enon 1s loosely referred to as “neutralization”, and the respon-
sible antibodies are termed “neutralizing antibodies.” Thus,
to take full advantage of adenovirus vectors for 1n vivo gene
transter, novel types of adenoviruses are needed that (1) are
not susceptible to neutralization by antibodies directed
against another type, and (2) are not susceptible to neutral-
1ization by antibodies commonly found in the human popula-
tion.

There are many different adenoviruses 1solated from a
broad range of animal hosts and adenoviruses are named by
host first 1solated from. I-lost animals from which adenovi-
ruses have been 1solated include mammals, birds, snakes,
frogs, and fish. The mammalian hosts include, among others,
primates such as monkeys, humans, and chimpanzees.

Humans and chimpanzees are very closely related and are
grouped together as homimids. In contrast, monkeys are not
grouped with humans and chimpanzees because there 1s a
significantly greater evolutionary distance between them.
The monkeys diverged between 25 and 35 million years ago
from the homimids, whereas humans and chimpanzees
diverged only about 7 million years ago (Samonte and
Eichler, Nature Reviews Genetics, 3: 65-72 (2002)). These
similarities and differences between humans, chimpanzees,
and monkeys are consistent with documented host range
restrictions of adenoviruses.

Many different ways for host range restriction occur. For
example, wild-type human adenoviruses do not grow produc-
tively on monkey cells. In monkey cells infected with wild-
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type human adenovirus, the viral early genes are properly
expressed (Feldman et al., J Bacteriol, 91: 813-8 (1966); Van

der Vliet and Levine, Nature, 246: 170-4 (1973)), and viral
DNA replication occurs normally (Rapp et al., J Bacteriol,
02: 931-6 (1966); Reich et al., PNAS, 55: 336-41 (1966); 5
Friedman et al., J. Virol, 5: 586-97 (1970)). However, the
expression of several late viral proteins 1s reduced. The block

to late gene expression appears to be due to abnormal pro-
duction of the viral late mRNAs (Klessig and Anderson, J.
Virol, 16: 1650-68 (1975)), and this block can be overcome by 10
a single mutation of the adenovirus DNA Binding Protein
(DBP) (Klessig and Grodzicker, Cell, 17: 957-66 (1979)).
Human adenoviruses that contain this single mutation in the
DBP grow productively on monkey cells, suggesting that the
key to the monkey/human block 1s centered on the roles of the 15
DBP during the life cycle of the adenovirus.

In contrast to the monkey/human block are the observa-
tions that adenoviruses 1solated from chimpanzees do not
have a restriction in human cells and can be propagated efifi-
ciently (W. P. Rowe et al., Proc. Soc. Exp. Biol. Med., 97(2): 20
465-470 (1958); W. D. Hillis et al., American Journal of
Epidemiology, 90(4): 344-353 (1969); N. Rogers et al.,
Nature, 216: 446-449 (1967)). In particular, replication of
some chimpanzee adenovirus isolates was found to be more
eificient in human than 1n monkey cells (M. Basnight et al., 25
American Journal of Epidemiology, 94(2):166-171 (1971)).
Adenoviruses 1solated from other great apes species, such as
gorillas and bonobos, have also recently been shown to grow
in human cells (S. Royetal., PLoS Pathogens, 5(7): €1000503
(2009)). Wild-type chimpanzee adenovirus replication in 30
human cells does not require the expression of human aden-
ovirus complementing factors, since El-expressing cell lines
(e¢.g., human embryonic kidney 293 cells, human retina
PER.C6 cells) and non-expressing cell lines (A549 human
lung epithelial carcinoma cells) have been used for their 35

propagation (U.S. Pat. No. 6,083,716; S. F. Farina et al.,
Journal of Virology, 74(23):11603-11613 (2001); S. Roy et al,
Virology, 324: 361-372 (2004); S. Roy et al., Human Gene
Therapy, 15: 519-530 (2004); E. Fatton et al, Gene Therapy,
13(14):1088-1096 (2006); 1. Skog et al., Molecular Therapy, 40
15(12): 2140-2145 (2007); D. Peruzzi et al., Vaccine, 27(9):
1293-1300 (2009)). The absence of a replication block 1s
consistent with the close evolutionary distance between the
human and chimpanzee lineages, which diverged only about
7 million years ago (Samonte & Fichler, Nature Reviews 45
(renetics, 3: 65-72 (2002)).

Consistent with the greater divergence of hosts, a host

range restriction of monkey adenoviruses for growth on
human cells has been described (Am. J. Hyg., 68: 31 (1938);

Virology, 35: 248 (1968); Savitskaya et al., Doklady Biochem- 50
istry, 375: 242 (2000); Alstein et al., JVi, 2: 488 (1968);
(Grenetika, 39(6): 725-31 (June 2003)), and it has been hypoth-
esized that the determinants are partially E4 and possibly E2.
Savitskaya et al., supra, reported there was no growth of the
monkey adenovirus SV7(C8) (now known as SV16 (ICTV 8”7 s
Report, p. 220)) on human embryonic kidney (HEK) cell line
293. Thus, an E1 region from a human adenovirus was not
suificient to alleviate the block to replication. The virus could
grow on HEK-293 cells with Ad5 E4 region mnserted (VK-
10-9 cells). However, the VK-10-9 cells provided only partial 60
alleviation of the replication block since replication was
40-1old lower than on CV1 cells (continuous line of green
monkey kidney). This showed there was still a block to mon-
key virus replication 1n VK-10-9 cells. The authors concluded
that E4 expression was too low, based on E4 ORF3 protein 65
level (Krougliak and Graham, Hum Gene Ther, 6: 1375

(1993)), and a virus specific product was probably required

4

(Savitskaya et al., supra). The authors then proposed the
product might be encoded by the E2ZA gene, though additional
study would be needed to clarity the problem. Savitskaya et
al., supra, also notes that low E4 expression could have been
the cause or an additional factor from E2A would be required
for complete release of the replication block, and additional
study was needed to define the causes. Interestingly, although
the level of E4 expression 1n the VK-10-9 cells was reported
to he significantly lower than that during wild type Ad5 rep-
lication, 1t was high enough for replication of an E4-deleted
human adenovirus type 5 virus to the same level as wild type

human Ad5 in HEK-293 cells (Krougliak and Graham 1995),

turther suggesting that the expression level of E4 was not the
complete explanation for the species-specific block. There-
fore, while 1t was believed that more E4 expression and/or an
E2A product were required, neither was required. Also, 1t 1s
apparent that the Ad 5 E4 function required for virus growth
1s separate from that required to overcome host range restric-
tion of monkey adenoviruses on human cells because the E4
requirement for growth 1s not the same for host range deter-
mination. Thus, Savitskaya et al., supra, demonstrates that
adenovirus E1 and E4 regions are likely not sufficient for
alleviating the species block, and that other regions, in par-
ticular that encoding the DBP (E2A), are important.

In addition, in another study, an adenovirus-adenovirus
hybrid of human Ad2 and SA7(C8) was shown to be defective
for replication, suggesting that human E1 and monkey E4 are
not compatible and that human adenovirus E1 1s not sufficient
for overcoming the host range restriction, which 1s consistent
with the above described results where human E1 expressed
from the cell did not change host range (Alstemn et al., JVi, 2:
488 (1968); Savitskaya et al., supra). A different adenovirus-
adenovirus hybrid between Ad2 and SA7(C8) was generated
by growth of the two viruses under selection conditions to
prevent Ad2 propagation (Grinenko et al., Molecular Genet-
ics, Microbiology and Virology, 5:25 (2004)). Growth and
selection of the hybrid virus on human cells (HEK-293)
yielded a defective virus that had incorporated only the L3
region of SA7(C8). The authors note that both Ad2 E4 and
E2A (encoding the DNA binding protein) were present and
intact in the defective hybrid, and state that the gene E4 and
possibly E2A are 1mnvolved 1n the determination of species-
specific host range, consistent with the earlier conclusions
that more than E4 was required for alleviating the host range
restriction. These results showed that only 10% of the Ad2
genome could be removed 1n order for a monkey—human
adenovirus hybrid to grow on human cells, leaving 90% of the
Ad2 genome to contain host range determining factors.
Theretore, this hybrid did not provide further delineation of
human adenovirus products required for growth of monkey
adenovirus on human cells. Taken together, these reports
showed that E4 plays a role in host range determination but
other adenovirus genes also play a role. Furthermore, the E4
region 1s comprised of at least five known protein products,
and despite these studies, the component or components of E4
that may have been necessary for the partial alleviation of the
host range block were not identified.

Thus, there remains a need for methods that can alleviate,
and even remove, the species-specific block or host range
restriction which prevents a monkey adenovirus from propa-
gating or replicating efficiently on human cells. There also
remains a need for adenoviruses and adenoviral vectors
which are capable of circumventing the pre-existing 1mmu-
nity to adenovirus in humans, The invention provides such
methods, adenoviruses and vectors, and methods of using the
same,
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BRIEF SUMMARY OF THE INVENTION

The mvention provides a monkey adenovirus. The monkey
adenovirus 1s capable of propagation 1n a cell comprising one
or more gene products of a human adenovirus.

The mmvention also provides a method for propagating a
monkey adenovirus in a cell, wherein the cell comprises a
gene product (and/or an encoding nucleic acid sequence) of a
human adenovirus. In one embodiment, the invention pro-
vides a cell comprising (a) at least one nucleic acid sequence
of the E1 region of a human adenovirus, and (b) at least one
nucleic acid sequence of the E4 region of a human adenovi-
rus. In another embodiment, there 1s provided a method of
propagating a monkey adenovirus, which method comprises
contacting a cell with the monkey adenovirus. The cell
expresses a gene product encoded by one or both of the E1A
region and the E1 B region of a human adenovirus, and a gene
product encoded by a portion of the E4 region consisting,
essentially of E4 ORF6 of a human adenovirus, whereby the
monkey adenovirus 1s propagated in the cell.

The mmvention also provides a method for propagating a
monkey adenovirus in a cell, wherein the monkey adenovirus
comprises anucleic acid sequence encoding a gene product of
a human adenovirus. In one embodiment, the monkey aden-
ovirus comprises (a) at least one nucleic acid sequence of the
E1 region of a human adenovirus and (b) at least one nucleic
acid sequence of the E4 region of a human adenovirus. In
another embodiment, there 1s provided a method of propagat-
ing a monkey adenovirus, which method comprises contact-
ing a cell with the monkey adenovirus. In some embodiments,
the monkey adenovirus comprises a nucleic acid sequence
encoding one or more gene products of a human adenovirus,
wherein the one or more gene products comprise a gene
product encoded by a portion of the E4 region responsible for
alleviating or overcoming host replication block 1n human
cells, which portion consists essentially of E4 ORF6, and
whereby the monkey adenovirus 1s propagated in the cell. In
some embodiments, the one or more gene products also com-
prise a gene product encoded by one or both of the E1 A
region and the E1 B region of a human adenovirus.

The invention also provides a monkey adenovirus obtained
by the propagation methods described herein.

In another aspect, the cell in which the monkey adenovirus
1s propagated preferably 1s a human cell, and the monkey
adenovirus in certain embodiments 1s replication-deficient.
The human adenovirus preferably 1s a species C human aden-
OVIrus.

The mvention provides a number of advantages over the
art, including means for addressing the pre-existing immunity
concerns 1n humans to human adenoviruses. The invention
also provides greatly improved methods for alleviating or
overcoming host range restriction or block against propaga-
tion or replication of a monkey adenovirus 1n human cells.
The invention thus enables the substantial growth and use of
monkey adenoviruses for a full range of purposes, including
most notably the treatment and prevention of disease in
humans.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph illustrating the classification of the order
ol Primates.

FIG. 2A and FIG. 2B are graphs which illustrate the pro-
duction of monkey adenovirus progeny under single-burst

conditions. FIG. 2A depicts production 1n human cell lines
differing 1n expressed Ad5 factors (A549=no Ad5 factors,

A549+Ad5 E4ORF6=AdS E4ORF6 factor, 293-ORF6=Ad5
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El and E4ORF6 factors). FIG. 2B depicts production 1n
human cell lines with Ad5 E1 (293 cells), AdS E1+Ad5

E4ORF6, or in a monkey cell line (BSC-1). Data are mean +/—
standard deviation.

FIG. 3 1s a diagram which illustrates a method of construct-
ing monkey adenoviruses with an expression cassette replac-
ing E1. Monkey adenovirus genome (SV) with major regions
identified (not to scale): the stippled boxes=ITR,
W=packaging signal, TATA=E]1 a promoter’s TATAA box,
and coding regions for Ela, E1 b, pIX, E3 and E4. B 1s the
recipient plasmid which comprises an expression cassette
comprised of a CMYV promoter (arrow), open reading frame
(orf), and SV40 polyadenylation signal (SV) linearized
between the pIX coding sequence and I'TR, bacterial origin of
replication (Or1) and a gene that encodes Kanamycin (Kan)
drug resistance. Homologous recombination (X) between the
SV genome and plasmid B results 1n replacement of the El
promoter and E1 A and E1B coding sequences with the CMV-
orf expression cassette. Homologous recombination 1s gen-
crated by transiforming recombination competent bacteria
BJ5183 with the two DNAs resulting in plasmid C. Bacteria
that are Kan resistant are screened, and plasmid C 1s identified
by restriction digest and sequencing. Before the viral genome
1s transiected mto 293-ORF6 cells to generate virus particles,
plasmid C 1s restricted with an endonuclease that recognizes
a site (R) outside of the viral genome.

DETAILED DESCRIPTION OF THE INVENTION

The mvention generally provides methods that alleviate or
overcome the species-specific block or host range restriction
that prevents ellicient propagation or replication of a monkey
adenovirus i human cells.

The mvention also generally provides a monkey adenovi-
rus, the uses for which are accompanied by the advantage of
an absence of pre-existing immunity in human populations to
monkey adenoviruses.

In one aspect, the mvention provides methods for propa-
gating a monkey adenovirus in a cell, wherein the cell
expresses one or more gene products of a human adenovirus,
and/or wherein the monkey adenovirus comprises a nucleic
acid sequence encoding a human adenovirus gene product.

In a second aspect, the invention provides the monkey
adenovirus obtained by such propagation methods.

In a third aspect, the invention provides uses for the mon-
key adenovirus as vectors.

The mvention provides a method of propagating a monkey
adenovirus involving contacting a cell (e.g., transforming the
cell) with the adenovirus. In one embodiment, the cell com-
prises gene products encoded by one or more of the E1A,
E1B, and E4 regions of a human adenovirus. In another
embodiment, the cell comprises the gene product (and/or 1ts
encoding nucleic acid sequence) responsible for alleviating
or overcoming the host replication block of monkey adenovi-
ruses 1n human cells. In another embodiment, the method
comprises contacting a cell with a monkey adenovirus,
wherein the cell expresses a gene product encoded by one or
both of the E1A region and the E1 B region of a human
adenovirus, and a gene product encoded by a portion of the F4
region responsible for alleviating or overcoming host repli-
cation block 1 human cells, which portion consists essen-
tially of E4 ORF6, and whereby the monkey adenovirus 1s
propagated in the cell. In another embodiment, the method
comprises contacting a cell with a monkey adenovirus,
wherein the monkey adenovirus comprises a nucleic acid
sequence encoding a human adenovirus gene product, which
may include a gene product encoded by one or more of the
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E1A, E1B, and E4 regions of a human adenovirus, and will
include a gene product encoded by the portlon of the E4
region responsible for alleviating or overcoming host repli-
cation block in human cells. In another embodiment, a
method of propagating a monkey adenovirus 1s provided,
which method comprises contacting a cell with the monkey
adenovirus. The monkey adenovirus comprises a nucleic acid
sequence encoding one or more gene products of a human
adenovirus, wherein the one or more gene products comprise
a gene product encoded by a portion of the E4 region respon-
sible for alleviating or overcoming host replication block 1n
human cells, which portion consists essentially of E4 ORF6,
and whereby the monkey adenovirus 1s propagated 1n the cell.

In some embodiments, the cell expresses an E4 region that
1s responsible for alleviating or overcoming the species-spe-
cific block. In some embodiments, the E4 region expressed
comprises ORF6. In some embodiments, the E4 region
expressed consists essentially of ORF6. In some embodi-
ments, the E4 region expressed consists of ORF6 and no other
ORF of the E4 region.

In one embodiment, the cell contacting the monkey aden-
ovirus preferably expresses one or more gene products of a
species C human adenovirus, which encompasses a number
of human adenoviruses, including a preferred human sero-
type 5 adenovirus.

Human cells are preferred for propagating the monkey
adenovirus, and preferred human cells include an HEK-293
cell or a PerC.6 cell.

The monkey adenovirus also may be replication-deficient.
When replication-deficient, the adenovirus requires comple-
mentation of one or more of the E1A region, the E1B region,
and the E4 region of the adenovirus for propagation. In one
embodiment, the monkey adenovirus comprises a deficiency
in the E1 region and a deficiency in at least a portion of the E4
region of the adenoviral genome. In a further embodiment,
the adenovirus also comprises a deficiency in the E3 region of
the adenoviral genome.

In another embodiment, the monkey adenovirus may com-
prise a heterologous nucleic acid sequence, including a
nucleic acid sequence encoding an antigen. The monkey
adenovirus preferably comprises a deletion of the E1 region
and more preferably also a deletion of at least a portion of the
E4 region of the adenovirus, and the heterologous nucleic
acid sequence 1s inserted into the deleted E1 region or the
deleted E4 region of the adenovirus.

The monkey adenovirus may be of various serotypes,
known or discovered 1n the future, including the following
known serotypes 1,3,7, 11,16, 18, 19, 20, 27, 33, 38, 39, or
combinations thereof.

The term “monkey,” as used herein, refers to both new
world and old world monkeys, and does not include any
member of the family Hominidae (e.g., humans, chimpan-
zees, gorillas, and orangutans, which are also referred to as
the “great apes™). New world monkeys include the families
Callitrichidae (e.g., marmosets and tamarins), Cebidae (e.g.,
capuchins and squirrel monkeys), Aotidae (e.g., night or owl
monkeys (douroucoulis)), Pitheeiidae (e.g., titis, sakis and
uakaris), and Atelidae (e.g., howler, spider, and woolly mon-
keys) (see, e.g., Hershkovitz (ed.), Living New World Mon-
kevs (Platyrrhini), Volume 1, University of Chicago Press
(19°77)). Old world monkeys include animals 1n the family
Cercopithecinae, such as, for example, macaques, baboons,
and mangabeys (see, e.g., Whitehead, ed., Old World Mon-
keys, Cambridge University Press (2002)). The term “mon-
key™ also 1s used synonymously herein with the term “sim-

1an.” The taxonomy of the order of Primates is 1llustrated 1n
FIG. 1.
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Adenovirus serotypes are differentiated on the basis of
neutralization assays. A serotype 1s defined as one which
cither exhibits no or limited cross-reaction with other types
(see, Fauquet etal. (eds.), Virus Taxonomy: The Eighth Report
of the International Committee on Taxonomy of Viruses, Aca-
demic Press, p. 216 (2005)). The serologically distinguish-
able serotypes (a)so referred to as adenovirus “types™) are
grouped 1nto species. Classically, the species name has
reflected the first described host. The lack of cross neutral-
ization combined with a calculated phylogenetic distance of
more than 10% separates two serotypes mnto different species.
In addition, species designation depends on other character-
1stics that differ between serotypes of adenovirus, including
hostrange, DNA hybridization, RFLP analysis, percentage of
GC 1n the genome, oncogenicity in rodents, growth charac-
teristics, possibility of recombination, number of VA RNA
genes, hemagglutination, genetic organization of the E3
region, and host range. Simian adenoviruses i1solated from
monkeys are more distant {from both human adenoviruses and
chimpanzee adenoviruses. The chimpanzee adenoviruses are
closely related to common human adenoviruses of species B
and E, so similar that the chimpanzee adenoviruses are
grouped within the human species B and E. The limited
phylogenic reconstructions for the simian adenoviruses
reveal that the simian adenoviruses are quite distinct from the
common chimpanzee and human adenoviruses (Virus Tax-
onomy: VIIIth Report of the International Committee on Tax-
onomy of Viruses (20035)). The phylogeny of adenoviruses

that infect primates 1s disclosed 1n, e.g., Roy et al., PLoS
Pathog., 3(7). €100050. do1:10.13°71/journal.ppat.1000503

(2009).
Various origins, serotypes, or mixtures of serotypes can be
used as the source of the viral genome for the simian aden-

oviral vector (such as those described 1n, e.g., U.S. Pat. Nos.
7,247,472 and 7,491,508). For 1nstance, a simian adenovirus

can be of serotype 1,3,6,7,11,16, 18,19, 20,27, 33, 38, 39,
48, 49, 50, or any other simian adenoviral serotype. A simian
adenovirus can be referred to by using any suitable abbrevia-
tion known 1n the art, such as, for example, SV, SAdV, or SAV.
In some embodiments, the simian adenoviral vector 1s a sim-
1an adenoviral vector of serotype3,6,7,11, 16, 18,19, 20, 27,
33, 38, or 39. In some embodiments, the simian adenoviral
vector 1s of serotype 7, 11, 16, 18, or 38. In one embodiment,
the stmian adenoviral vector 1s of serotype 7. These simian
adenoviruses, 1solated from monkeys, have low sequence
homology to human serotype 5 adenovirus, and are more
closely related, though quite distinct, from the entericF and G
serotype adenoviruses. They contain two different fiber genes
(long and short fibers) instead of one fiber gene, which sug-
gests that they may target the gut mucosa, similar to gut-tropic
human adenoviruses, where they are expected to stimulate
mucosal 1mmune responses. In addition, comparisons
between viral hexon proteins suggest that simian adenovirus
serotypes 7, 11, 16, and 38 are distantly related to human
adenoviruses, and are categorized more closely to gut-tropic
adenoviruses (human Ad40, 41, and 52) than to other groups.

Wild-type simian adenoviruses of any serotype can be
1solated using any suitable method. For example, simian
adenoviruses can be 1solated from monkey biopsy and body
secretions, including intestine biopsy, fecal washes, nose
washes, lung washes, and other body secretions using stan-
dard methods in the art. Wild-type simian adenoviruses also
are available from commercial sources, such as the American
Type Culture Collection (AT'CC, Manassas, Va.).

In softie embodiments, the simian adenoviruses are from
baboon (e.g., ATCC-VR 275) or Rhesus or African Green
monkeys (e.g., ATCC-VR 196, ATCC-VR 201, ATCC-VR
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209, AICC-VR 333, ATCC-VR 355, AICC-VR 341, ATCC-
VR 941, ATCC-VR 942, and ATCC-VR 943).

The mvention provides improved monkey adenovirus rep-
lication 1n human cells with preferably complete alleviation
ol host range block 1n most cases. The data presented herein
confirms that monkey adenoviruses do not grow on human
cells and demonstrates equal or even superior growth of mon-
key adenoviruses on human cells with human adenovirus
components compared to monkey cells (see Example 1).
Example 1 shows the high productivity of monkey adenoviral
progeny on a human cell line with minimal human adenovirus
components, comparable or even higher than on monkey
cells, 1n contrast to the 40-fold deficit reported 1n Savitskaya
et al., supra. In some embodiments, the host range restriction
can be removed by propagating the monkey virus on human
embryonic kidney cell line 293 (HEK-293) along with human
adenovirus E4 ORF6 protein (34K) expressed during aden-
ovirus infection. Surprisingly, the expression of the 34k pro-
tein 1n the HEK-293 cell in Example 1 was too low to be
detected, reminiscent to that reported previously for VK-10-9
cells (Krougliak and Graham, Hum. Gene Ther., 6: 13575
(1993)). Thus 1t was unexpected that the human cell line 1n
Example 1 was equally permissive for monkey adenoviruses
as are monkey cells for monkey adenoviruses (data not
shown).

Thus, 1n accordance with the invention, 1n order to over-
come the host range restriction of monkey adenoviruses to
grow on human cells, a subset or portion of human adenovirus
E4 must be expressed during viral replication in the cell
instead of the whole E4 region, as the function of E4 that
overcomes the replication block in human cells lies within
ORF6. It 1s possible that the reason for the failure o1 VK-10-9
cells to fully support monkey adenovirus growth was the
presence of inhibitory functions in the human E4 sequences
inserted into the cell. Thus, the host range determinant does
not include all of E4, and does not include E2A. Rather, the
host range determinant 1s E4 ORF6, and apparently not one of
the other factors singly or 1n combination encoded within E4.
In particular, in light of the discovery of E4 ORF6 being
suificient, the data 1n Savitskaya et al., supra, could he re-
interpreted 1n that less of E4 was required instead of more, and
that there may be components in human adenovirus E4,
included 1n VK-10-9 cells, which inhibit growth of monkey
adenovirus in human cells.

The 1dentification of the human adenovirus components
which permit replication of monkey adenovirus on human
cells has many advantages, such as, butnot limited to, feasible
manufacture of products based on monkey adenovirus. In
addition, the ability to reduce the components of E4 required
to alleviate the host range block to monkey adenoviruses on
human cells has clear advantages compared to requiring all of
E4. The simplification of the E4 requirement allows for easier
manipulation of the DNA sequences and proper regulation of
expression of the E4 sequences. This allows for easier design
of systems to allow propagation of monkey viruses on human
cells. For example, the subset of human adenovirus E4
sequences can be included 1n a monkey adenovirus genome,
integrated 1nto the genome of a cell or exist extra chromo-
somally as neither part of the human cell nor the monkey
adenovirus. Working with only a subset of E4 sequences that
comprise E4 ORF6 allows for easier and more reliable regu-
lation of expression of these sequences. This enhanced con-
trol leads to higher yields of monkey adenoviruses which will
allow for reduction in cost of goods and expand the commer-
cial and scientific applications that monkey adenoviruses can
be used for.
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Another advantage of the 1dentification of the human aden-
ovirus components suificient for allowing replication of mon-
key adenovirus on human cells 1s the ability to generate
conditionally replicating adenoviruses (CRADs). For
example, the inclusion of human adenovirus E1 and E4 ORF6
sequences 1n the monkey adenovirus, under expression con-
trol elements that are specific to a given disease, syndrome,
condition, tissue, or cell type, allow for replication of the
monkey virus 1 a controlled fashion only where desired.
Applications for CRADs are numerous and include, for
example, lysis of tumor cells, expression of a therapeutic gene
only under conditions of viral vector replication, and limited-
replication vaccines.

Another advantage of the 1dentification of the human aden-
ovirus components suificient for significant replication of
monkey adenovirus on human cells 1s the ability to generate
adenovirus gene transier vectors where a transgene expres-
sion cassette 1s incorporated into the monkey adenovirus
genome. Adenovirus vectors dertved from monkey adenovi-
ruses propagated on a human cell line-human adenovirus
system have the following advantages: (1) absence of pre-
ex1sting immumnity in human populations to the monkey aden-
oviruses, (2) species-specific block to replication {for
enhanced safety to human populations, and (3) avoids the risk
of adventitious xenogeneic pathogens from manufacturing on
a non-human cell line. For example, the monkey polyoma
virus SV40 was found to contaminate batches of human vac-
cine product manufactured on monkey cells.

Complementing cell lines for producing the simian aden-
oviral vector include, but are not limited to, 293 cells (de-

scribed 1n, e.g., Graham et al., J. Gen. Virol., 36: 59-72
(1977)), PER.C6 cells (described 1n, e.g., International Patent
Application Publication WO 97/00326, and U.S. Pat. Nos.
5,994,128 and 6,033,908), and 293-ORF6 cells (described 1n,
¢.g., International Patent Application Publication WO
05/346771 and Brough et al., J. Virol., 71: 9206-9213 (1997)).
Additional complementing cells are described in, for
example, U.S. Pat. Nos. 6,677,136 and 6,682,929, and Inter-
national Patent Application Publication WO 03/20879. In
some 1nstances, the cellular genome need not comprise
nucleic acid sequences, the gene products of which comple-
ment for all of the deficiencies of a replication-deficient aden-
oviral vector. One or more replication-essential gene func-
tions lacking in a replication-deficient adenoviral vector can
be supplied by a helper virus, e.g., an adenoviral vector that
supplies 1 trans one or more essential gene functions
required for replication of the desired adenoviral vector.
Helper virus 1s often engineered to prevent packaging of
infectious helper virus. For example, one or more replication-
essential gene functions of the E1 region of the adenoviral
genome are provided by the complementing cell, while one or
more replication-essential gene functions of the E4 region of
the adenoviral genome are provided by a helper virus.

Ideally, a replication-deficient simian adenoviral vector 1s
present in a composition, €.g., a pharmaceutical composition,
substantially free of replication-competent adenovirus
(RCA) contamination (e.g., the composition comprises less
than about 1% of replication-competent adenovirus on the
basis of the total adenoviruses 1n the composition). Most
desirably, the composition 1s RCA-free. Adenoviral vector
compositions and stocks that are RCA-1ree are described 1n
U.S. Pat. No. 3,944,106, U.S. Patent Application Publication
2002/0110545 A1, and International Patent Application WO
05/34671.

I1 the simian adenoviral vector 1s not replication-deficient,
ideally the simian adenoviral vector 1s manipulated to limat
replication of the vector to within a target tissue. For example,
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the stmian adenoviral vector can be a conditionally-replicat-
ing adenoviral vector, which 1s engineered to replicate under
conditions pre-determined by the practitioner. For example,
replication-essential gene functions, e.g., gene functions
encoded by the adenoviral early regions, can be operably
linked to an i1nducible, repressible, or tissue-specific tran-
scription control sequence, e.g., promoter. In this embodi-
ment, replication requires the presence or absence of specific
factors that interact with the transcription control sequence.
In the treatment of viral infections, for example, 1t can be
advantageous to control adenoviral vector replication in, fur
instance, lymph nodes, to obtain continual antigen production
and control immune cell production. Conditionally-replicat-
ing adenoviral vectors are described further in U.S. Pat. No.
5,998,205.

One of the utilities of a monkey adenovirus 1s to deliver
proteins or parts of proteins to a cell. One method of deliver-
ing the proteins 1s to tether them to one of the coat proteins of
the viral capsid. The capsid can be modified to facilitate this.
There are numerous examples of the viral capsid being modi-
fied to tether non-adenovirus materials to the capsid. Some of
the modifications are proteinacious character, while others
are not. Examples of substances which can be linked to the
adenovirus capsid include antibodies, receptors, PEG, and
cross linking chemicals. The viral capsid genes can also be
genetically modified to include a foreign gene or portion
thereot, so that the foreign gene product 1s part of the viral
capsid protein which becomes part of the viral particle. The
elfect of the protein can be exerted on the cell with or without
it being internalized. IT1t 1s not internalized 1t could activate or
iactivate a cell pathway leading to a desired outcome. In
addition, 1f the monkey virus 1s internalized the protein could
clicit an effect on the cell. The protein could also stimulate an
immune response potentially to the protein itself. The capsid
proteins fiber, hexon, pIX, and penton have all been shown to
be able to be modified to include non-adenoviral proteins or
portions thereol and or non-proteinacious materials.

Modification of the viral capsid can have additional ben-
efits. The virus’s natural tropism can be changed. The virus
could be redirected to a new receptor, its interaction with 1ts
normal receptor can be abrogated, or its interaction with its
normal receptor can be enhanced. Re-directing the monkey
adenovirus can increase the desired activity of the virus by
directing 1t to the desired cell type, or 1t can help avoid a cell
type that would yield a non-desirable outcome. The modifi-
cation can also lead to evasion of the immune system. Mul-
tiple capsid proteins can be modified simultaneously.

The coat protein of the adenovirus can be manipulated to
alter the binding specificity or recognition of the adenovirus
for a receptor on a potential host cell. For adenovirus, such
manipulations can include deletion of regions of adenovirus
coat proteins (e.g., fiber, penton, or hexon), insertions of
various native or non-native ligands into portions of a coat
protein, and the like. Manipulation of the coat protein can
broaden the range of cells infected by the adenovirus or
enable targeting of the adenovirus to a specific cell type.

The simian adenoviral vector can be manipulated to alter
the binding specificity or recognition of the adenovirus for a
receptor on a potential host cell. For adenovirus, such
manipulations can include deletion of regions of adenovirus
coat proteins (e.g., fiber, penton, or hexon), insertions of
various native or non-native ligands into portions of a coat
protein, and the like. Manipulation of the coat protein can
broaden the range of cells infected by the simian adenoviral
vector or enable targeting of the simian adenoviral vector to a
specific cell type. It can also avoid interaction with proteins
tound 1n the blood, such as coagulation factor X (FX), which
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can aifect the adenoviral vector biology. Modification of
hexon 1s the preferable method of avoiding the interaction
with FX.

Any suitable technique for altering native binding to a host
cell, such as native binding of the fiber protein to its cellular
receptor, can be employed. For example, differing fiber
lengths can be exploited to ablate native binding to cells. This
optionally can be accomplished via the addition of a binding
sequence to the penton base or fiber knob. This addition of a
binding sequence can be done either directly or indirectly via
a bispecific or multispecific binding sequence. In an alterna-
tive embodiment, the adenoviral fiber protein can be modified
to reduce the number of amino acids 1n the fiber shatt, thereby
creating a “short-shafted™ fiber (as described 1n, for example,
U.S. Pat. No. 5,962,311). Use of an adenovirus comprising a
short-shaited adenoviral fiber gene reduces the level or elli-
ciency of adenoviral fiber binding to its cell-surface receptor
and increases adenoviral penton base binding to its cell-sur-
face receptor, thereby increasing the specificity of binding of
the adenovirus to a given cell. Alternatively, use of a stmian
adenoviral vector comprising a short-shafted fiber enables
targeting of the simian adenoviral vector to a desired cell-
surface receptor by the introduction of a normative amino
acid sequence either into the penton base or the fiber knob.

In yet another embodiment, the nucleic acid residues
encoding amino acid residues associated with native substrate
binding can be changed, supplemented, or deleted (see, e.g.,
International Patent Application Publication WO 00/15823,
Einteld et al., J. Virol., 75(23): 11284-11291 (2001), and van
Beusechem et al., J. Virol, 76(6): 2753-2762 (2002)) such
that the simian adenoviral vector incorporating the mutated
nucleic acid residues (or having the fiber protein encoded
thereby) 1s less able to bind 1ts native substrate.

Any suitable amino acid residue(s) of a fiber protein that
mediates or assists 1n the interaction between the knob and the
native cellular receptor can be mutated or removed, so long as
the fiber protein 1s able to trimerize. Similarly, amino acids
can be added to the fiber knob as long as the fiber protein
retains the ability to trimerize. Suitable residues include
amino acids within the exposed loops of the fiber knob
domain, such as, for example, the AB loop, the DE loop, the
FG loop, and the HI loop.

Any suitable amino acid residue(s) of a penton base protein
that mediates or assists 1n the interaction between the penton
base and integrins can be mutated or removed. Suitable resi-
dues include, for example, an RGD amino acid sequence
motif located in the hypervaniable region of the simian aden-
ovirus penton base protein. The native integrin binding sites
on the penton base protein also can be disrupted by moditying
the nucleic acid sequence encoding the native RGD motif
such that the native ROD amino acid sequence 1s conforma-
tionally 1naccessible for binding to an integrin receptor, such
as by mserting a DNA sequence 1nto or adjacent to the nucleic
acid sequence encoding the adenoviral penton base protein.

The simian adenoviral vector can comprise a fiber protein
and a penton base protein that do not hind to their respective
native cellular binding sites. Alternatively, the simian aden-
oviral vector comprises fiber protein and a penton base pro-
tein that bind to their respective native cellular binding sites,
but with less affimity than the corresponding wild-type coat
proteins. The simian adenoviral vector exhibits reduced bind-
ing to native cellular binding sites 11 a modified adenoviral
fiber protein and penton base protein binds to their respective
native cellular binding sites with at least about 5-fold,
10-1old, 20-told, 30-1fold, 50-fold, or 100-fold less aflinity
than a non-modified adenoviral fiber protein and penton base
protein of the same serotype.

[l
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The simian adenoviral vector also can comprise a chimeric
coat protein comprising a non-native amino acid sequence
that binds a substrate (i.e., a ligand), such as a cellular recep-
tor other than a native cellular receptor. The non-native amino
acid sequence of the chimeric adenoviral coat protein allows
the simian adenoviral vector comprising the chimeric coat
protein to bind and, desirably, infect host cells not naturally
infected by a corresponding adenovirus without the non-
natrve amino acid sequence (1.e., host cells not infected by the
corresponding wild-type adenovirus), to bind to host cells
naturally infected by the corresponding wild-type adenovirus
with greater affinity than the corresponding adenovirus with-
out the non-native amino acid sequence, or to bind to particu-
lar target cells with greater aifinity than non-target cells. A
“non-native” amino acid sequence can comprise an amino
acid sequence not naturally present in the adenoviral coat
protein or an amino acid sequence found in the adenoviral
coat but located 1n a non-native position within the capsid. By
“preferentially binds™ 1s meant that the non-native amino acid
sequence binds a receptor, such as, for mstance, abf33 inte-
orin, with at least about 3-fold greater aflinity (e.g., at least
about 5-fold, 10-fold, 15-fold, 20-fold, 25-fold, 35-fold,
45-1old, or 50-fold greater aifinity) than the non-native ligand
binds a different receptor, such as, for instance, a.vp 1 integrin.

The stmian adenoviral vector can comprise a chimeric coat
protein comprising a non-native amino acid sequence that
confers to the chimeric coat protein the ability to bind to an
immune cell more efficiently than a wild-type adenoviral coat
protein. In particular, the simian adenoviral vector can com-
prise a chimeric adenoviral fiber protein comprising a non-
natrve amino acid sequence which facilitates uptake of the
simian adenoviral vector by immune cells, preferably antigen
presenting cells, such as dendritic cells, monocytes, and mac-
rophages. In a preferred embodiment, the simian adenoviral
vector comprises a chimeric fiber protein comprising an
amino acid sequence (e.g., anon-native amino acid sequence)
comprising an RGD motif, which increases transduction eifi-
ciency of the simian adenoviral vector into dendritic cells.
The RGD-motif, or any non-native amino acid sequence,
preferably 1s iserted into the adenoviral fiber knob region,
ideally 1n an exposed loop of the adenoviral knob, such as the
HI loop. A non-native amino acid sequence also can be
appended to the C-terminus of the adenoviral fiber protein,
optionally via a spacer sequence. The spacer sequence pret-
crably comprises between one and two-hundred amino acids,
and can (but need not) have an intended function.

In another embodiment, the simian adenoviral vector can
comprise a chimeric virus coat protein that 1s not selective for
a specific type of eukaryotic cell. The chimeric coat protein
differs from a wild-type coat protein by an insertion of a
non-native amino acid sequence into or in place of an internal
coat protein sequence, or attachment of a non-native amino
acid sequence to the N- or C-terminus of the coat protein. For
example, a ligand comprising about five to about nine lysine
residues (preferably seven lysine residues) can be attached to
the C-terminus of the adenoviral fiber protein via a non-
functional spacer sequence. In this embodiment, the chimeric
virus coat protein elliciently binds to a broader range of
cukaryotic cells than a wild-type virus coat, such as described
in U.S. Pat. No. 6,465,253 and International Patent Applica-
tion Publication WO 97/20051.

The ability of the simian adenoviral vector to recognize a
potential host cell can be modulated without genetic manipu-
lation of the coat protein, 1.e., through use of a bi-specific
molecule. For instance, complexing an adenovirus with a
bispecific molecule comprising a penton base-binding
domain and a domain that selectively binds a particular cell
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surface binding site enables the targeting of the simian aden-
oviral vectorto a particular cell type. Likewise, an antigen can
be conjugated to the surface of the adenoviral particle through
non-genetic means.

A non-native amino acid sequence can be conjugated to
any of the adenoviral coat proteins to form a chimeric aden-
oviral coat protein. Therefore, for example, a non-native
amino acid sequence can be conjugated to, inserted 1nto, or
attached to a fiber protein, a penton base protein, a hexon
protein, protein 1X, VI, or Illa, etc. Methods for employing
such proteins are well known 1n the art (see, e.g., U.S. Pat.
Nos. 5,543,328, 5,559,099, 5,712,136, 5,731,190, 5,756,086;
5,770,442, 5,846,782; 5,962,311; 35,965,541, 5,846,782;
6,057,155, 6,127,525, 6,153,435; 6,329,190, 6,455,314;
6,465,2353; 6,576,456; 6,649,407; 6,740,525; and 6,951,753,
and International Patent Application Publications WO
06/07734, WO 96/26281, WO 97/20051, WO 98/07877, WO
08/07865, WO 98/40509, WO 98/54346, WO 00/13823, WO
01/58940, and WO 01/92549). The chimeric adenoviral coat
protein can be generated using standard recombinant DNA
techniques known 1in the art. Preferably, the nucleic acid
sequence encoding the chimeric adenoviral coat protein 1s
located within the adenoviral genome and 1s operably linked
to a promoter that regulates expression of the coat protein in
a wild-type adenovirus. Alternatively, the nucleic acid
sequence encoding the chimeric adenoviral coat protein 1s
located within the adenoviral genome and 1s part of an expres-
s10n cassette which comprises genetic elements required for
eilicient expression of the chimeric coat protein.

The coat protein portion of the chimeric adenovirus coat
protein can be a full-length adenoviral coat protein to which
the non-native amino acid sequence 1s appended, or it can be
truncated, e.g., internally or at the C- and/or N-terminus.
However modified (including the presence of the non-native
amino acid), the chimeric coat protein preferably 1s able to
incorporate into an adenoviral capsid. Where the non-native
amino acid sequence 1s attached to the fiber protein, prefer-
ably 1t does not disturb the interaction between viral proteins
or fiber monomers. Thus, the non-natrve amino acid sequence
preferably 1s not itself an oligomerization domain, as such can
adversely interact with the trimernzation domain of the aden-
ovirus fiber. Preferably the non-native amino acid sequence 1s
added to the virion protein, and 1s mcorporated in such a
manner as to be readily exposed to a substrate, cell surface-
receptor, or immune cell (e.g., at the N- or C-terminus of the
adenoviral protein, attached to a residue facing a substrate,
positioned on a peptide spacer, etc.) to maximally expose the
non-native amino acid sequence. Ideally, the non-native
amino acid sequence 1s incorporated into an adenoviral fiber
protein at the C-terminus of the fiber protein (and attached via
a spacer) or incorporated nto an exposed loop (e.g., the HI
loop) of the fiber to create a chimeric coat protein. Where the
non-native amino acid sequence 1s attached to or replaces a
portion of the penton base, preferably 1t 1s within the hyper-
variable regions to ensure that 1t contacts the substrate, cell
surface receptor, or immune cell. Where the non-native amino
acid sequence 1s attached to the hexon, preferably 1t 1s within
a hypervanable region (Crawiord-Miksza et al., J FVirol,
70(3): 1836-44 (1996)). Where the non-native amino acid 1s
attached to or replaces a portion of pIX, preferably it 1s within
the C-terminus of pIX. Use of a spacer sequence to extend the
non-native amino acid sequence away from the surface of the
adenoviral particle can be advantageous 1n that the non-native
amino acid sequence can be more available for binding to a
receptor, and any steric interactions between the non-native
amino acid sequence and the adenoviral fiber monomers can
be reduced.
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In other embodiments (e.g., to facilitate purification or
propagation within a specific engineered cell type), a non-
natrve amino acid (e.g., ligand) can hind a compound other
than a cell-surface protein. Thus, the ligand can bind blood-
and/or lymph-borne proteins (e.g., albumin), synthetic pep-
tide sequences such as polyamino acids (e.g., polylysine,
polyhistidine, etc.), artificial peptide sequences (e.g., FLAG),
and ROD peptide fragments (Pasqualini et al., J. Cell. Biol.,
130: 1189 (1995)). A ligand can even bind non-peptide sub-
strates, such as plastic (e.g., Adey et al., Gene, 156: 27
(1993)), biotin (Saggio et al., Biochem. J., 293: 613 (1993)),
a DNA sequence (Cheng et al., Gene, 171: 1 (1996), and
Krook et al., Biochem. Biophys., Res. Commun., 204: 849
(1994)), streptavidin (Geibel et al., Biochemistry, 34: 15430
(1993), and Katz, Biochemistry, 34: 15421 (1995)), nitros-
treptavidin (Balass et al., Aral. Biochem., 243: 264 (1996)),
heparin (Wickham et al., Nature Biotechnol., 14: 1570-73
(1996)), and other substrates.

Disruption of native binding of adenoviral coat proteins to
a cell surface receptor can also render 1t less able to interact
with the innate or acquired host immune system. Adenoviral
vector administration induces inflammation and activates
both mnnate and acquired immune mechanisms. Adenoviral
vectors activate antigen-specific (e.g., T-cell dependent)
immune responses, which limit the duration of transgene
expression following an initial administration of the vector. In
addition, exposure to adenoviral vectors stimulates produc-
tion of neutralizing antibodies by B cells, which can preclude
gene expression from subsequent doses of adenoviral vector
(Wilson & Kay, Nat, Med., 3(9): 887-889 (1995)), Indeed, the
cifectiveness of repeated administration of the vector can be
severely limited by host immunity. In addition to stimulation
of humoral immunity, cell-mediated immune functions are
responsible for clearance of the virus from the body. Rapid
clearance of the virus 1s attributed to innate immune mecha-
nisms (see, e.g., Worgall et al., Human Gene Therapy, 8:
37-44 (1997)), and likely involves Kupifer cells found within
the liver. Thus, by ablating native binding of an adenovirus
fiber protein and penton base protein, immune system recog-
nition of an adenoviral vector 1s diminished, thereby increas-
ing vector tolerance by the host.

A method for evading pre-existing host immunity to aden-
ovirus mmvolves modifying an adenoviral coat protein such
that 1t exhibits reduced recognition by the host immune sys-
tem. The modified coat protein preferably 1s a penton, fiber, or
hexon protein. Most preferably, the modified coat protein 1s a
hexon protein. The coat protein can be modified 1n any suit-
able manner, but 1s preferably modified by generating diver-
sity 1n the coat protein. Preferably, such coat protein variants
are not recognized by pre-existing host adenovirus-specific
neutralizing antibodies. Diversity can be generated using any
suitable method known 1n the art, including, for example,

directed evolution (1.e., polynucleotide shuilling) and error-
prone PCR (see, e.g., Cadwell, PCR Meth. Appl., 2: 28-33

(1991), Leung et al., Technique, 1: 11-15 (1989), and Prit-
chard et al., J Theoretical Biol., 234: 497-509 (2005)).
Immune avoidance also includes pegylation and the like.
An adenoviral coat protein also can be modified to evade
pre-existing host immunity by deleting a region of a coat
protein and replacing 1t with a corresponding region from the
coat protein ol another adenovirus serotype, particularly a
serotype which 1s less immunogenic in humans. In this
regard, amino acid sequences within the fiber protein, the
penton base protein, and/or hexon protein can be removed and
replaced with corresponding sequences from a different
adenovirus serotype. Thus, for example, when the fiber pro-
tein 1s modified to evade pre-existing host immunity, amino

10

15

20

25

30

35

40

45

50

55

60

65

16

acid residues from the knob region of a simian adenovirus
fiber protein can be deleted and replaced with corresponding
amino acid residues from a simian adenovirus of a different
serotype, such as those serotypes described herein. Likewise,
when the penton base protein 1s modified to evade pre-exist-
ing host immunity, amino acid residues within the hypervari-
able region of a stmian adenovirus penton base protein can be
deleted and replaced with corresponding amino acid residues
from a simian adenovirus of a different serotype, such as
those serotypes described herein. Preferably, the hexon pro-
tein of the simian adenoviral vector 1s modified 1n this manner
to evade pre-existing host immunity. In this respect, amino
acid residues within one or more of the hypervariable regions,
which occur 1n loops of the hexon protein, are removed and
replaced with corresponding amino acid residues from a sim-
1an adenovirus of a different serotype. An entire loop region
can be removed from the hexon protein and replaced with the
corresponding loop region of another simian adenovirus sero-
type. Alternatively, portions of a loop region can be removed
from the simian adenoviral vector hexon protein and replaced
with the corresponding portion of a hexon loop of another
adenovirus serotype (simian or human), One or more hexon
loops, or portions thereof, of a stmian adenoviral vector can
be removed and replaced with the corresponding sequences
from any other adenovirus serotype (simian or human), such
as those described herein. Methods of modifying hexon pro-
teins are disclosed 1n, for example, Rug: et al., J Virol,
77:9553-9566 (2003), and U.S. Pat. No. 6,127,525. The
hypervariable regions of a hexon protein also can be replaced
with random peptide sequences, or peptide sequences derived
from a disease-causing pathogen (e.g., HIV).

Modifications to adenovirus coat proteins are described 1n,
for example, U.S. Pat. Nos. 5,543,328; 5,559,099, 5,712,136;

5,731,190; 35,756,086; 35,770,442, 5,846,782, 5,871,727;
5,885,808; 35,922,315; 5,962,311; 35,965,541, 6,057,155;
6,127,525, 6,153,435, 6,329,190, 6,455,314; 6,465,253;
6,576,456; 6,649,407, 6,740,525; and 6,951,7535; and Inter-
national Patent Applications WO 96/07734, WO 96/26281,
WO 97/20051, WO 98/07865, WO 98/07877, WO 98/40509,
WO 98/54346, WO 00/15823, WO 01/58940, and WO
01/92549.

Monkey adenovirus can also be used to deliver genetic
maternal to a cell. The genetic material 1s typically DNA. Any
DNA that 1s 1nserted 1n the monkey virus genome 1s referred
to herein as a heterologous nucleic acid sequence or “hDNA.”
There are a number of functions the hDNA can have that are
known 1n the art. The hDNA can have regulatory properties.
Some of the more common elements regulate transcription
such as promoters, enhancers, transcriptional terminators,
splicing elements, matrix attachment regulatory elements,
transcriptional imnsulators, and poly adenylation sequences to
name a few. IT RNA 1s generated from the hDNA 1t can have
a function. Some of the functions are regulatory in nature as
shown with sSiRNA, shRNA, microRNA, ant1 sense RNA, VA
RNA. The RNA can also encode a polypeptide such as a
protein. The protein can be native or modified 1n any fashion
that 1s known 1n the art. There are many ways to regulate
levels of RNA, translation and protein stability that are known
in the art.

There are numerous functions the regulatory RNAs and
polypeptides can have.

The heterologous nucleic acid sequence preferably
encodes an antigen of a pathogen. The pathogen can be a
virus, such as respiratory syncitial virus (RSV), human
immunodeficiency virus (HIV), foot-and-mouth disease
(FMDYV), herpes simplex virus (HSV), hepatitis C virus
(HCV), ebola virus, or Marburg virus. The pathogen also can
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be a parasite, such as, for example, a Plasmodium parasite,
which causes malarnia (e.g., Plasmodium falciparum). Alter-
natively, the heterologous nucleic acid sequence can encode,
for example, an atonal homolog protein (e.g., HATHI or
MATHI1), TNF-ca, or pigment epithelium-derived factor
(PEDF).

The adenoviral vector of the invention can be replication
competent, For example, the adenoviral vector can have a
mutation (e.g., a deletion, an insertion, or a substitution) in the
adenoviral genome that does not inhibit viral replication 1n
host cells. Preferably, however, the adenoviral vector 1s rep-
lication-deficient. By “replication-deficient” 1s meant that the
adenoviral vector comprises an adenoviral genome that lacks
at least one replication-essential gene function (1.e., such that
the adenoviral vector does not replicate 1n typical host cells,
especially those 1n a human patient that could be infected by
the adenoviral vector 1n the course of the inventive method).
A deficiency 1n a gene, gene function, or gene or genomic
region, as used herein, 1s defined as a deletion of suificient
genetic material of the viral genome to impair or obliterate the
function of the gene whose nucleic acid sequence was deleted
in whole or 1 part. While deletion of genetic material 1s
preferred, mutation of genetic material by addition or substi-
tution also 1s appropriate for disrupting gene function. Rep-
lication-essential gene functions are those gene functions that
are required for replication (e.g., propagation) and are
encoded by, for example, the adenoviral early regions (e.g.,
the E1, E2, and E4 regions), late regions (e.g., the L1-L35
regions), genes involved 1n viral packaging (e.g., the IVa2
gene), and virus-associated RNAs (e.g., VA-RNAI1 and/or
VA-RNA-2). More preferably, the replication-deficient aden-
oviral vector comprises an adenoviral genome deficient 1n at
least one replication-essential gene function of one or more
regions of the adenoviral genome. Preferably, the adenoviral
vector 1s deficient 1n at least one gene function of the E1A
region, the E1B region, or the E4 region of the adenoviral
genome required for viral replication (denoted an El-defi-
cient or E4-deficient adenoviral vector). In addition to a defi-
ciency in the E1 region, the recombinant adenovirus also can
have a mutation 1n the major late promoter (MLP), as dis-
cussed 1n International Patent Application WO 00/00628. In
some embodiments, the adenoviral vector 1s deficient 1n at
least one replication-essential gene function (desirably all
replication-essential gene tunctions) of the E1 region and at
least one gene function of the nonessential E3 region (e.g., an
Xba I deletion of the E3 region) (denoted an E1/E3-deficient
adenoviral vector). With respect to the E1 region, the aden-
oviral vector can be deficient 1n all or part of the E1A region
and all or part of the E1 B region. To 1llustrate but not limait this
embodiment, a serotype 35 adenoviral vector can comprise an
E1 deletion of nucleotides 570 to 3484. When the adenoviral
vector 1s deficient 1n at least one replication-essential gene
function 1n only one region of the adenoviral genome (e.g., an
E1l- or E1l/E3-deficient adenoviral vector), the adenoviral
vector 1s referred to as “singly replication-deficient.”

The stmian adenoviral vector of the invention can be “mul-
tiply replication-deficient,” meaning that the adenoviral vec-
tor 1s deficient 1n one or more replication-essential gene func-
tions 1 each of two or more regions of the adenoviral
genome. For example, the aforementioned El-deficient or
E1/E3-deficient adenoviral vector can be further deficient 1n
at least one replication-essential gene function of the E4
region (denoted an E1/E4- or E1/E3/E4-deficient adenoviral
vector), and/or the E2 region (denoted an E1/E2- or E1/E2/
E3-deficient adenoviral vector), preferably the E2A region
(denoted an E1/E2A- or E1/E2A/E3-deficient adenoviral

vector).
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By removing all or part of, for example, the E1, E3, and E4
regions of the adenoviral genome, the resulting adenoviral
vector 1s able to accept inserts ol exogenous nucleic acid
sequences while retaining the ability to be packaged into
adenoviral capsids. The nucleic acid sequence can be posi-
tioned in the E1 region, the E3 region, or the E4 region of the
adenoviral genome. Indeed, the nucleic acid sequence can be
inserted anywhere 1n the adenoviral genome so long as the
position does not prevent expression ol the nucleic acid
sequence or interfere with packaging of the adenoviral vector.
The adenoviral vector also can comprise multiple (1.e., two or
more) nucleic acid sequences encoding the same antigen.
Alternatively, the adenoviral vector can comprise multiple
nucleic acid sequences encoding two or more different anti-
gens. Each nucleic acid sequence can be operably linked to
the same promoter, or to ditferent promoters depending on the
expression profile desired by the practitioner, and can be
inserted in the same region of the adenoviral genome (e.g., the
E4 region) or 1n different regions of the adenoviral genome.

The simian adenoviral vector, when multiply replication-
deficient, especially in replication-essential gene functions of
the E1 and E4 regions, preferably includes a spacer sequence
to provide viral growth 1n a complementing cell line similar to
that achieved by singly replication-deficient adenoviral vec-
tors, particularly an El-deficient adenoviral vector. The
spacer sequence can contain any nucleotide sequence or
sequences which are of a desired length, such as sequences at
least about 15 base pairs (e.g., between about 15 base pairs
and about 12,000 base pairs), preferably about 100 base pairs
to about 10,000 base pairs, more preferably about 500 base
pairs to about 8,000 base pairs, even more preferably about
1,500 base pairs to about 6,000 base pairs, and most prefer-
ably about 2,000 to about 3,000 base pairs 1n length. The
spacer element sequence can be coding or non-coding and
native or non-native with respect to the adenoviral genome,
but does not restore the replication-essential function to the
deficient region. The spacer element preferably is located 1n
the E4 region of the adenoviral genome. The use of a spacer in
an adenoviral vector 1s described 1n U.S. Pat. No. 5,851,806.

Ithas been observed that an at least E4-deficient adenoviral
vector expresses a transgene at high levels for a limited
amount of time 1n vivo and that persistence of expression of a
transgene 1n an at least E4-deficient adenoviral vector can be

modulated through the action of a trans-acting factor, such as
HSV ICPO, Ad pTP, CMV-IE2, CMV-IE86, HIV tat, HTLV-

tax, HBV-X, AAV Rep 78, the cellular factor from the U205
osteosarcoma cell line that functions like HSV ICPO, or the
cellular factor in PC12 cells that 1s induced by nerve growth
factor, among others, as described in for example, U.S. Pat.

No. 6,225,113, U.S. Patent Application Publication 2002/
0031823 A 1, and International Patent Application WO
00/34496. In view of the above, a multiply deficient adenovi-
ral vector (e.g., the at least E4-deficient adenoviral vector) or
a second expression vector desirably comprises a nucleic acid
sequence encoding a trans-acting factor that modulates the
persistence of expression of the nucleic acid sequence. Per-
sistent expression of antigenic DNA can be desired when
generating immune tolerance.

The stmian adenoviral vector can be deficient 1n replica-
tion-essential gene functions of only the early regions of the
adenoviral genome, only the late regions of the adenoviral
genome, and both the early and late regions of the adenoviral
genome. The simian adenoviral vector also can have essen-
tially the entire adenoviral genome removed, 1n which case 1t
1s preferred that at least either the viral inverted terminal
repeats (ITRs) and one or more promoters or the viral ITRs
and a packaging signal are left intact (i.e., an adenoviral
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amplicon). In one embodiment, the simian adenoviral vector
of the invention may comprise an adenoviral genome that
lacks native nucleic acid sequences which encode adenoviral
proteins. Adenoviral genomic elements required for replica-
tion and packaging of the adenoviral genome 1nto adenoviral
capsid proteins can be retained. Minimal adenoviral vectors
lacking adenoviral protein coding sequences are termed
“helper-dependent” adenoviral vectors, and often require
complementation by helper adenovirus for efficient propaga-
tion. Suitable replication-deficient adenoviral vectors,

including multiply replication-deficient adenoviral vectors,

are disclosed 1n U.S. Pat. Nos. 5,837,511 5,851,806, 5,994,
106; 6,127,175; and 6,482,616; U.S. Patent Application Pub-
lications 2001/0043922 Al, 2002/0004040 A 1, 2002/
0031831 A1, and 2002/0110545 A1, and International Patent
Applications WO 94/28152, WO 95/02697, WO 95/16772,
WO 95/34671, WO 96/22378, WO 97/12986, WO 97/21826,
and WO 03/022311.

If the adenoviral vector 1s not replication-deficient, ideally
the adenoviral vector 1s manipulated to limitreplication of the
vector to within a target tissue. For example, the adenoviral
vector can be a conditionally-replicating adenoviral vector,
which 1s engineered to replicate under conditions pre-deter-
mined by the practitioner. For example, replication-essential
gene functions, e.g., gene functions encoded by the adenovi-
ral early regions, can be operably linked to an inducible,
repressible, or tissue-specific transcription control sequence,
¢.g., promoter. In this embodiment, replication requires the
presence or absence of specific factors that interact with the
transcription control sequence. In autoimmune disease treat-
ment, 1t can be advantageous to control adenoviral vector
replication 1n, for mstance, lymph nodes, to obtain continual
antigen production and control immune cell production. Con-
ditionally-replicating adenoviral vectors are described fur-
ther 1n U.S. Pat. No. 5,998.,205.

It can be advantageous to add large amounts of IONA 1n the
monkey adenovirus. This can occur for example if large regu-
latory sequences are needed, multiple transcriptional units
are needed or the transcript 1s large. Since the upper packag-
ing size limit of an adenovirus 1s approximately 105% of 1ts
wild type genome, viruses with larger genomes are difficult to
make and are often times unstable.

To overcome this packaging and stability limitation viral
DNA sequences can be deleted to accommodate the large
amounts of hDNA. There are at least three viral regions (1.e.,
the E 1, E3 and E4 regions ) that can be removed from the virus
and still be able to generate infectious viral particles. Each of
these viral regions 1s composed of at least one promoter and
polyadenylation signal, which encodes fur multiple tran-
scripts and proteins. All or portions of these regions can be
deleted from the viral genome. It 1s known 1n the art that
hDNA has been inserted or used to replace each of these
regions. These regions can be modified one at a time or in
combination to yield an E1, E3 and E4 modified virus. This
turther expands the flexibility and therefore the utility of the
monkey virus.

The removal of the E1, E3 and E4 regions from the virus
has additional benefits for the use of monkey adenoviruses.
These regions are known to encode multiple regulatory pro-
teins that can alter the host cell directly or stimulate the
expression of additional viral proteins, The E1 and E4 regions
in particular are known to encode oncogenes. In many appli-
cations 1t 1s preferred that the virus’s genes are not expressed.
Some of the benefits of less viral gene expression 1s improved
activity from the added hDNA such as gene expression,
avoldance ol immune surveillance when the virus 1s admin-
istered to an animal and increased virus dose that can be
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administered. The ability to increase dosage and improve
hDNA gene regulation expands the applications and therefore
utility of the monkey virus. Therefore deleting viral DNA will
simultaneously expand the amount of hDNA the virus can
accommodate and remove harmiul sequences from the virus
thereby. expanding the virus’s utility.

The technology described herein supports construction of
deleted monkey adenoviruses. As mentioned above the aden-
ovirus E1 region encodes for regulatory proteins. In the
absence of E1 function adenoviruses are replication defective
(also referred to herein as “replication-deficient”). The
Examples below demonstrate that full complementation of
the replication deficiency of El-deleted monkey adenovirus
1s achieved with human adenovirus E1 and E4ORF6 (see
Example 3). Therefore, these regions essential for growth of
monkey adenovirus on monkey cells are non-essential for
growth 1n the human cell line—human adenovirus system
(Example 3). The proteins encoded by the E3 region are
dispensable for virus growth. It 1s known in the art that aden-
oviruses with E3 deletions are readily produced even in
viruses with E1 and or E4 deletions. Surprisingly, of the
multiple known E4 proteins the one responsible for expanded
host range of monkey adenoviruses to human cells (ORF6) 1s
also capable of complementing growth E4 deleted adenovi-
ruses. Expression of both E1 and E4 from the same group C
serotype has been shown to support growth of non-species C
adenoviruses with E1-, E3-, E4-deletions (Tatsis et al., Gene
Ther., 13(5): 421-9 (2006)).

Adenovirus vectors derived from monkey adenoviruses are
usetul for the following applications: (1) vaccine vectors for
infectious disease indications, (2) vaccine vectors for anti-
cancer applications, (3) transfer of transgenes encoding
therapeutic proteins for acute and chronic disease interven-
tion.

Monkey adenovirus vectors can be used for inducing
immune responses (vaccination) in mammals. In this respect,
widespread use of human adenoviral vectors 1s hindered, at
least 1n part, by the immunogenicity of the vector. A majority
of the U.S. population has been exposed to wild-type human
adenovirus and developed pre-existing immunity to human
adenovirus-based gene transier vectors. As a result, human
adenoviral vectors are 1nactivated by the pre-existing host
immune response, thereby reducing the effectiveness of the
vector. The neutralization and/or clearance of adenoviral vec-
tors 1n the body complicates use of these vectors as DNA
vaccines. DNA vaccines employ gene transier vectors to
deliver antigen-encoding DNA to host cells. By producing
antigenic proteins i vivo, the humoral and cell-mediated
arms of the immune system are activated, thereby generating
a more complete immune response against the antigen as
compared to traditional vaccines wherein foreign proteins are
injected into the body. Despite the advantageous characteris-
tics of human adenoviral vectors as gene delivery vehicles,
the immunogenicity of the vector prevents ellicient repeat
dosing, which can be advantageous for “boosting” the
immune system against pathogens, and results 1n only a small
fraction of a dose of adenoviral vector delivering 1ts payload
to host cells.

The monkey adenoviral vectors will not be subject to neu-
tralization and/or clearance mediated by pre-existing immu-
nity to human adenovirus. Also, the combination of two or
more monkey adenoviral vectors will circumvent the 1nhibi-
tion seen with repeated administration of human adenovirus
vectors; thus it will he possible to boost the immune system
against pathogens. Thus, the monkey adenovirus vectors pro-
vide the same advantages of the human adenoviral vectors
without their shortcomings.
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One embodiment of the adenovirus of the invention com-
prises a nucleic acid sequence encoding an antigen which 1s
expressed 1 the mammal to induce an immune response. An
“antigen” 1s a molecule that triggers an immune response 1n a
mammal. An “immune response” can entail, for example,
antibody production and/or the activation of immune effector
cells. An antigen 1n the context of the invention can comprise
any subunit of any proteinaceous molecule, including a pro-
tein or peptide of viral, bacterial, parasitic, fungal, protozoan,
prion, cellular, or extracellular origin, which ideally provokes
an 1mmune response 1 a mammal, preferably leading to
protective immunity. The antigen also can be a self-antigen,
1.¢., an autologous protein which the body has mistakenly
identified as a foreign invader.

In one embodiment, the antigen 1s a viral antigen. The viral
antigen can be 1solated from any virus including, but not
limited to, a virus from any of the following viral famailies:
Arenaviridae, Arterivirus, Astroviridae, Baculoviridae, Bad-
navirus, Barnaviridae, Birnaviridae, Bromaviridae, Bun-
vaviridae, Caliciviridae, Capillovirus, Carlavirus, Cauli-
movirus, Circoviridae, Closterovirus, Cornoviridae,
Coronaviridae (e.g., Coronavirus, such as severe acute respi-
ratory syndrome (SARS) virus), Corticoviridae, Cystoviri-
dae, Deltavirus, Dianthovirus, Enamovirus, Filovirvidae (e.g.,
Marburg virus and Ebola virus (e.g., Zaire, Reston, Ivory
Coast, or Sudan strain)), Flaviviridae, (e.g., Hepatitis C virus,
Dengue virus 1, Dengue virus 2, Dengue virus 3, and Dengue
virus 4), Hepadnaviridae (e.g., Hepatitis B virus), Herpes-
viridae (e.g., Human herpesvirus 1, 2, 3, 4, 5, and 6, and
Cytomegalovirus), Hypoviridae, Iridoviridae, Leviviridae,
Lipothrixviridae, Microviridae, Orthomyxoviridae (e.g.,
Intfluenzavirus A and B), Papovaviridae, Paramyxoviridae
(c.g., measles, mumps, and human respiratory syncytial
virus), Parvoviridae, Picornaviridae (e.g., poliovirus, rhi-
novirus, hepatovirus, and aphthovirus), Poxviridae (e.g., vac-
cinia virus), Reoviridae (e.g., rotavirus), Retroviridae (e.g.,
lentivirus, such as human immunodeficiency virus (HIV) 1
and HIV 2), Rhabdoviridae, and Totiviridae. In one embodi-
ment, an antigen of the inventive method 1s a Respiratory
Syncytial Virus (RSV) antigen. The antigen can be, for
example, an RSV strain A or strain B antigen, such as all or
partofthe F, G, M, M1, M2, SH, or NS1, or NS2 proteins, or
a Tusion of all or part of more than one of these proteins. An
antigen encoded by the adenoviral vector also can be a retro-
viral antigen. The retroviral antigen can be, for example, an
HIV antigen, such as all or part of the gag, env, or pol proteins.
Any glade of HIV 1s appropriate for antigen selection, includ-
ing clades A, B, C, MN, and the like. In some embodiments,
at least one antigen encoded by the adenoviral vector 1s a
Herpes Simplex Virus 2 (HSV-2) antigen. Suitable SARS
virus antigens for the inventive method include, for example,
all or part of the UL19, UL47, or gD proteins. The antigenic
peptides specifically recited herein are merely exemplary as
any viral protein can be used 1n the context of the invention.

The antigen also can be a parasite antigen such as, but not
limited to, a Sporozoan antigen. For example, the nucleic acid
sequence can encode a Plasmodium antigen, such as all or
part of a Circumsporozoite protein, a Sporozoite surface pro-
tein, a liver stage antigen, an apical membrane associated
protein, or a Merozoite surface protein.

Alternatively or 1n addition, at least one antigen encoded by
the adenoviral vector 1s a bacterial antigen. The antigen can
originate from any bactertum including, but not limited to,
Actinomyces, Anabaena, Bacillus, Bacteroides, Bdellovibrio,
Caulobacter, Chlamydia, Chlovobium, Chromatium,
Clostridium, Cytophaga, Deinococcus, Escherichia, Halo-
bacterium, Heliobacter, Hyphomicrobium, Methanobacte-
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rium, Micrococcus, Myobacterium, Mycoplasma, Myxococ-
cus, Neisseria, Nitrobacter, Oscillatoria, Prochloron,

Proteus, Pseudomonas, Phodospirillum, Rickettsia, Salmo-
nella, Shigella, Spivillum, Spirochaeta, Staphylococcus,
Streptococcus, Streptomyces, Sulfolobus, Thermoplasma,
Thiabacillus, and Treponema. In one embodiment, at least
one antigen encoded by the nucleic acid sequence 1s a
Pseudomonas antigen or a Heliobacter antigen.

It will be appreciated that an entire, 1ntact viral or bacterial
protein 1s not required to produce an immune response.
Indeed, most antigenic epitopes are relatively small 1n size
and, therefore, protein fragments can be suificient for expo-
sure to the immune system of the mammal, In addition, a
fusion protein can be generated between two or more anti-
genic epitopes of one or more antigens. For example, all or
part of HIV gp120 or gp160 can be fused to all or part of the
HIV pol protein to generate a more complete immune
response against the HIV pathogen compared to that gener-
ated by a single epitope. Delivery of fusion proteins by an
adenoviral vector to a mammal allows exposure of an immune
system to multiple antigens and, accordingly, enables a single
vaccine composition to provide immunity against multiple
pathogens.

A nucleic acid sequence, including one encoding an anti-
gen, 1s not limited to a type of nucleic acid sequence or any
particular origin. The nucleic acid sequence can be recombi-
nant DNA, can be genomic DNA, can be obtained from a
DNA library of potential antigenic epitopes, or can be syn-
thetically generated. The nucleic acid sequence can be
present as part of an expression cassette, which additionally
comprises the genetic elements required for efficient expres-
sion ol the nucleic acid sequence and production of the
encoded antigen. Ideally, an antigen-encoding nucleic acid
sequence 1s operably linked to a promoter and a polyadeny-
lation sequence as described herein. A promoter can be
selected for use 1n a method of the mvention by matching its
particular pattern of activity with the desired pattern and level
ol expression of the antigen(s). For example, an adenoviral
vector can comprise two or more nucleic acid sequences that
encode different antigens and are operably linked to different
promoters displaying distinct expression profiles. For
example, a first promoter 1s selected to mediate an initial peak
of antigen production, thereby priming the immune system
against an encoded antigen. A second promoter 1s selected to
drive production of the same or different antigen such that
expression peaks several days after that of the first promoter,
thereby “boosting” the immune system against the antigen.
Alternatively, a hybrid promoter can be constructed which
combines the desirable aspects of multiple promoters. For
example, a CMV-RSV hybrid promoter combining the CMV
promoter’s initial rush of activity with the RSV promoter’s
high maintenance level of activity 1s especially preferred for
use 1n many embodiments of the inventive method. In that
antigens can be toxic to eukaryotic cells, 1t may be advanta-
geous to modily the promoter to decrease activity in comple-
menting cell lines used to propagate the adenoviral vector.

The following examples further 1llustrate the invention but,
of course, should not be construed as 1n any way limiting 1ts
scope.

EXAMPLE 1

This example demonstrates that monkey adenovirus
plaque formation 1s highly efficient on a human cell line
expressing human adenovirus components E1 and E4AORF6.

Monkey adenoviruses are restricted from replication on
human cells and human adenovirus factors overcome the
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restriction. As demonstrated here the invention has two unex-
pected results: improved growth of monkey adenoviruses on
human cells over those that contain the entire E4 region, and
superiority in propagating monkey adenoviruses on human
cells compared to their native host cell lines recommended for
their growth. Two methodologies were used to define growth.
Plague formation was used to determine growth under con-
ditions of very low multiplicity of infection (MOI) and more
than one infectious cycle 1s required to generate a positive
result, 1.e., a plague 1n the cell monolayer. Thus, plague for-
mation truly demonstrates continuous growth of a virus:
single infectious viral particles infect a single cell, full
completion of the viral life cycle occurs, followed by intec-
tion of neighboring cells by the viral progeny and so on. The
second method assesses the number of infectious viral prog-
eny produced from a single round of viral replication. This
method 1s based on synchronous infection of essentially all
the cells in the monolayer, known as single-burst growth
assessments,

Of all the E4 factors, 1t 1s demonstrated herein that ORF6 1s
suificient to propagate monkey adenoviruses on human cells.
Unexpectedly, the human cell line 1s superior to monkey cell
lines 1n supporting the ability of monkey adenoviruses to
form plaques, a standard method to measure virus growth.
Two monkey adenoviruses, SV-11 and SV-38, which were
isolated from Rhesus and Vervet monkeys, respectively, were
plagued 293-ORF6, BSC-1, LLC-MK2 (MK?2), Vero, and
CV-1 cells. All but the 293-ORF6 cell line are derived from
monkeys. BSC-1 and MK-2 are the cell lines recommended
by the American Type Culture Collection (ATCC) to propa-
gate the viruses on. A serial dilution of both viruses was used
to 1nfect each cell line, which were 80% confluent 1n 60 mm
culture dishes. The infection conditions were 500 ul of virus
for 1 hour rocked every 15 minutes. The virus was subse-
quently removed and cells overlaid with EMEM+2% FBS
and 0.9% agarose. Fourteen days later plaques were counted.
293-ORF6 cells gave the highest plaguing efficiency being at
least ten times better than any of the other cells lines tested
(Table 1). Previously 1t was reported that monkey virus
plagued on human cells that contain the entire E4 region from
human adenovirus 2 had a plague formation efficiency 40
times lower compared to CV-1 cells. With this invention there
1s a clear 400-1fold improvement 1n growth as measured by
plague forming activity. As demonstrated here, the invention
has two unexpected results: 1improved growth of monkey
adenoviruses on human cells over those that contain the entire
E4 region, and superiority in propagating monkey adenovi-
ruses on human cells compared to their native host cell lines
recommended for their growth.

TABLE 1
Cell Line Virus Titer (PFU*/mL)
BS-C-1 SV-11 1.67 x 10°
CV-1 SV-11 2.80 x 107
LLLC-MK?2 SV-11 2.54 x 107
Vero SV-11 1.94 x 10°
203-ORF6 SV-11 6.36 x 10°
BSC-1 SV-38 1.27 x 107
CV-1 SV-38 4.09 x 10°
L.LC-MK?2 SV-38 1.0 x 107
Vero SV-38 6.66 x 10°
203-ORF6 SV-38 2.26 x 108
*plaque forming units
EXAMPLE 2

This example demonstrates the generation of high-titers of
monkey adenovirus viral progeny on a human cell line with
human adenovirus species C factors.
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Single-burst growth experiments were performed to deter-
mine 11 the combination of human adenovirus E1 and E4 Ori6

was sulficient to overcome the restriction block to monkey

adenovirus replication in human cells. Human cells express-
ing either no AdS factors (A549), AdS E4ORF6 (A549-+Ad5

E4ORF6), Ad5 E1 (293), or Ad5 E1 and E4ORF6 (293-
ORF6)were plated in triplicate in 6-well plates at 1.5x10°
cells per well. BSC-1 cells dertved from African Green Mon-
key that are permissive for monkey adenovirus replication
were plated at 1x10° cells per well. All cells were kept in
DMEM with 10% FCS and grown at 37° C., 5% CO,. The
next day, cells were infected with CsCl, gradient-purified
monkey adenovirus stocks at an MOI of three (FIG. 2A) or
one (FIG. 2B) Focus Forming Unit (FFU)/cell in 300 p1 per
well for two hours, followed by aspiration and overlay with 3
ml of DMEM with 3% FCS and 100 uM ZnCl, to permit
induction of E4ORF6 expression in A549+Ad5 E4ORF6 and
293-ORF6 cells. Cells were then incubated and harvested at
72 hours post-infection. Virus particles were released from
cells by three freeze-thaw cycles consisting of alternating
exposures to dry 1ce and 37° C. water bath. The number of
progeny virions in the virus-cell lysates was assessed using
the FFU assay described 1n Vaccine, 25: 2074-2084 (2007).

The generation of infectious progeny with monkey aden-
oviruses on human cell lines was highest with 293-ORF6
cells, compared to A549 and A549 cells expressing AdS E4
ORF6 (FIG. 2A). Similarly, generation of viral progeny at an
MOI of 1 was at least as efficient on 293-ORF6 cells as on the
monkey cell line BSC-1 (FIG. 2B). Insome cases, between 10
to 1,000-fold more viral progeny were produced from 293-
ORF6 cells as compared to BSC-1 cells. In contrast, monkey
adenovirus replication on 293 cells was less efficient than on
BSC-1 cells. Therefore, the presence of E1 and E4ORF6
overcame the host replication block in human cells. This was
further substantiated with SV-1 which yielded 90,090 par-
ticles/cell after purification when grown on 293-ORF6 cells.
Finally, generation of infectious progeny on 293-ORF6 cells
1s up to 1,000-fold higher than on BSC-1 cells, indicating that
monkey adenovirus growth on human cells expressing E1 and
E4ORF6 1s significantly greater than on the native host cell
lines recommended for monkey adenovirus growth.

Taken together, plaque formation efficiency and single-
burst growth analyses of the monkey adenoviruses demon-
strate that monkey adenoviruses can efficiently replicate 1n
293-0ORF6 cells, and that the combined expression of human
adenovirus components (Ads E1 and E4ORF6) overcomes
the human replication block. Furthermore, this was demon-
strated with eight monkey adenoviruses, a significant repre-
sentation of the group.

EXAMPLE 3

This example demonstrates the construction and propaga-
tion of monkey adenovirus vectors with E1 deletions on a
human cell line with human adenovirus components.

Seven different monkey adenoviruses from three different
species ( Vervet, Cynomolgus, and Rhesus macaque) had their

E1 region replaced with an expression cassette. The monkey
adenoviruses used here are SV-1, SV-7,SV-11, SV-16, SV-18,

SV-38, and SV-39 from the ATCC. To facilitate their cloning
the left ITR to Ela promoter, pIX promoter region and

sequences next to the right I'TR of the wild type viruses were
determined. The E1 deletions were designed to inactivate the

E1 a promoter and E1 proteins but retain the pIX viral pro-

moter, viral packaging signal and origin of replication. The
identity of these sequences was determined by their homol-

ogy to known adenovirus genomes, and can be identified
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using publically available software, for example, as that
found at the Berkeley Drosophila Genome Project, National
Center for Biotechnology Information and Expert Protein
Analysis System. In general, the E1 deletion initiated within
50 base pair (bp) 5' of the Ela promoter TATA box and ended
50 to 300 bp 5' of the pIX promoter. These are only examples
of where the deletions can be made, since the deletions can be
changed depending on the application of the viral vector. For
example the E1 deletion for the SV-38 derived vector retained
most of the Ela promoter demonstrating that complete
removal of the Ela promoter 1s not required 1n order. to
construct an adenovirus vector.

Although there are multiple ways to construct such viruses,
it essentially mvolves two steps. The desired viral vector
genome 1s generated 1n bacteria, followed by transfecting the
genome 1nto 293-0ORF6 cells to make viral particles.

The general procedure to make the viral vector genomes in
bacteria 1s outlined 1n FIG. 3, or minor variants of 1t. Using,
standard molecular biology techniques known in the art, a
shuttle plasmid 1s constructed which comprises the viral I'TR
(stippled boxes), packaging signal (W), an expression cassette
that replaces the E1 region, and pIX sequences, which are
tollowed by the viral right ITR. The expression cassette 1n this
example 1s comprised of the CMV promoter (arrow), open
reading frame (ort) and SV40 polyadenylation signal (SV).
The orientation and composition of the expression cassette 1s
1llustrative and not intended to be limiting. The plasmid pret-
erably contains a low copy number bacterial origin of repli-
cation, such as p13, although other origins of replication can
also be used. Inclusion of a gene that provides resistance to an
antibiotic such as kanamycin (Kan r), for example, 1s usetul to
select for bacteria that harbor the plasmid. To construct the
adenovirus vector genome, the remainder of the viral genome
from pIX to right I'TR 1s cloned 1nto the shuttle plasmid by
homologous recombination. To accomplish this, recombina-
tion competent bacteria such as BI5183 are transtormed with
both ~50 ng of the shuttle plasmid restricted with an endonu-
clease between the pIX and right I'TR and 100 ng of purified
viral genome. It 1s preferable to have at least 50 bp of homol-
ogy each between the pIX and nght I'TR of the shuttle plasmid
and viral genome for recombination (X). There are numerous
methods known 1n the art to identity the bacteria with the
cloned adenovirus vector genome, including restriction
digest, polymerase chain reaction (PCR), and DNA sequenc-
ing. Sequencing of the viral hexon gene for example can be
used to further confirm the 1dentity of the adenovirus. Homol-
ogy to the following hexon sequences was used to further
confirm the i1dentities of the adenoviruses and their deriva-
tives: SV-1 (SEQ ID NO:22); SV-7 (SEQ ID NO:23); SV-11
(SEQ ID NO:24); SV-16 (SEQ ID NQO:25); SV-18 (SEQ ID
NO:26); SV-38 (SEQ ID NO:27); SV-39 (SEQ ID NO:28).
Once the viral vector genome has been identified, the plasmid
is used to transform a Rec”™ bacterial strain such as DH10B
from which the plasmid 1s amplified and purified.

Next, the second step, the conversion (rescue) of infectious
virus from the genomic plasmids, was conducted as follows.
Genomic plasmids were digested with a restriction enzyme to
release both ITRs front the plasmid backbone, purified by
phenol:chloroform:1soamyl alcohol extraction and ethanol
precipitation, and resuspended 1n 10 mM Tris, 1 mM EDTA,
pH 8.0. The 293-ORF6 cell line, ~1.5~10° cells per 60 mm
plate, were then transiected with 5 ug of the digested plasmid
with Polyiect reagent (Qiagen). Five days post-transiection
the cells were harvested, subjected to three freeze-thaw
cycles, and the cell lysate was passaged onto fresh cells.
Cell-virus lysate was serial passaged 1n this manner at three to
five day intervals until full cytopathic effect (c.p.e.) was
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observed. Purified adenovirus stocks were generated from
infected cells as described in Gall JG, et al. Rescue and
production of vaccine and therapeutic adenovirus vectors
expressing inhibitory transgenes. Mol Biotechnol. 35(3):263-
73 (2007), PubMed PMID: 17652790. In briet infected cells
were collected and the culture medium discarded. The cells

were lysed in 25 mM Tris pH 7.5, 75 mM NaCl, 5 mM Mg(Cl,
builer by three freeze/thaw cycles and treated with Benzo-
nase® at 100 units/ml overnight at room temperature.
Cesium chloride 1sopycnic gradient centrifugation was per-
formed and total particle unit titer was determined by absor-
bance at 260 nm as described 1n Mittereder, N., et al., Evalu-

ation ol the concentration and bioactivity of adenovirus
vectors for gene therapy. J. Virol. 70:7498-7509 (1996). The

active particle titers were determined 1n the fluorescent focus
unmit (FFU) assay with the Ad2 hexon antibody as described in
Gall JG, et al. Rescue and production of vaccine and thera-
peutic adenovirus vectors expressing inhibitory transgenes.
Mol Biotechnol. 35(3):263-73 (2007), PubMed PMID:
17652790.; and Lemiale F, et al., Novel adenovirus vaccine

vectors based on the enteric-tropic serotype 41. Vaccine
25(10:2074-84 (2007), Epub 2006 Nov 28. PubMed PMID:
17250935, PubMed Central PMCID: PMC2384667. The
viral preparations are of high quality with an average ratio of
total particles to infectious particles of 49+/-23 (n=6) and
high yields, with up to 37,000 particles per cell post-purifi-
cation, The i1dentity of each virus was confirmed by partial
DNA sequencing and diagnostic PCR. The functionality of
the expression cassette was confirmed by Western blot analy-
S18.

The identity of the viral sequences used to make the rescue
shuttle plasmids described herein and 1n FIG. 3 are shown
below. All sequences are given 1n leit to right orientation of
the standard viral genome. In the standard viral genome the
E1 region i1s on the leit hand end of the viral genome. The
sequence comprising the left hand I'TR, packaging signal but
devoid of the complete Ela promoter 1s called “Leit hand
sequence.” The sequence used for homologous recombina-
tion 1n the pIX region 1s called “pIX region sequence.” The
sequence that 1s comprised of part of the right ITR that 1s used
for homologous recombination 1s called “Right sequence.”
All sequences are given 1n the standard 5' to 3' direction.

SV-1: Left hand sequence: (SEQ ID NO:1); pIX region
sequence: (SEQ ID NO:2); Right sequence: (SEQ ID NO:3).

SV-7: Left hand sequence: (SEQ ID NO:4); pIX region
sequence: (SEQ ID NO:5); Right sequence: (SEQ ID NO:6).

SV-11: Leit hand sequence: (SEQ ID NO:7); pIX region
sequence: (SEQ ID NO:8); Right sequence: (SEQ ID NO:9).

SV-16: Left hand sequence: (SEQ ID NO:10); pIX region
sequence: (SEQ ID NO:11); Right sequence: (SEQ ID
NO:12).

SV-18: Left hand sequence: (SEQ ID NO:13); pIX region
sequence: (SEQ ID NO:14); Right sequence: (SEQ ID
NO:13).

SV-38: Leit hand sequence: (SEQ 1D NO:16); pIX region
sequence: (SEQ ID NO:17); Right sequence: (SEQ ID
NO:18).

SV-39: Leit hand sequence: (SEQ 1D NO:19); pIX region
sequence: (SEQ ID NO:20); Right sequence: (SEQ ID
NO:21).

EXAMPLE 4

This example demonstrates that monkey adenoviruses
with deletion of E1 region sequences are replication-defi-
cient.
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El-deletions were engineered into the monkey adenovi-
ruses SAV'/, SAV11, and SAV16, as described 1n Example 3.
The El-deletions were designed to remove the promoter of
E1A, the entirety of the E1 A coding region, the E1B pro-
moter, the E1B 21K protein homolog coding region, and the
majority ol the 5' end of the E1B 55K homolog coding region.
Additionally, an expression cassette, as described in Example
3 and Gall JG, et al., Rescue and production of vaccine and
therapeutic adenovirus vectors expressing inhibitory trans-
genes. Mol. Biotechnol. 35(3):263-73 (2007), PubMed
PMID: 17652790, without an encoded protein product was
inserted 1nto the location of the E1 deletion. To determine 1f
the removal of these sequences changed the replication of the
viruses, monkey cells were infected with the viruses and the
infectious viral progeny were measured. Two cell lines both
of monkey origin were used, and were recommended for
progagation of the monkey adenoviruses by the vendor
(ATCC). The LLC-MK2 cell line 1s a kidney line from rhesus
macaque (Macaca mullata), and the BSC-1 cell line 1s a
kidney line from African green monkey (Cercopithecus
aethiops). Adherent cultures of the cell lines, plated at 3x10°
cells per well of 6-well plates, were 1nfected with 100 par-
ticles per cell of each of the E1-deleted and wild type aden-
oviruses. At 72 and 96 hours post-intection (hp1), the cells and
medium were collected and subjected to three cycles of freez-
ing and thawing (frozen on dry ice ~10 minutes, thawed 1n a
3’7° C. water bath ~10 minutes) to lyse the cells. The cell
lysates were assayed for infectious virus 1n the fluorescent
focus unit (FFU) assay as described in Gall JG, et al. Rescue
and production of vaccine and therapeutic adenovirus vectors
expressing inhibitory transgenes. Mol Biotechnol.
35(3):263-73 (2007), PubMed PMID: 17652790.; and Lemi-
ale F, et al., Novel adenovirus vaccine vectors based on the
enteric-tropic serotype 41. Vaccine 25(11):2074-84 (2007),
Epub 2006 Nov 28. PubMed PMID: 172509335, PubMed
Central PMCID: PMC2384667. There were high titers of
viral progeny in the lysates generated from cells infected with
the wild type viruses (Table 2); thus the cell cultures were
permissive to the simian adenoviruses. Importantly, there
were no progeny virions detected 1n the lysates from the cells
infected with the El-deleted simian adenoviruses, with an
assay quantitation limit o1 25,325 25,875 FFU mL (minimum
of 5 foc1 per microscopic field, 1013 fields per cell culture
well, and undiluted lysate). Comparisons of the maximum
titers achieved with each serotype of wild type virus to the

quantitation limit shows reduced replication of SAV7 by at
least a factor of 19,348; of SAV11 by at least a factor of

10,266; and of SAV16 by atleast a factor o1 5,133. In addition,
there were no foci observed 1n wells infected with the lysates
from the null virus infections, further lowering the assay limait
to the limit of detection, 5 FFU/mL. Comparison of the maxi-
mum titers achieved with each serotype of wild type virus to
the detection limat establishes reduced replication by a factor
of 9.8x107, 5.2x107, and 2.6x107 for SAV7, SAV11, and
SAV16, respectively. Therefore, the simian adenoviruses
with the E1-deletions were replication-deficient.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 28

<210> SEQ ID NO 1

<211> LENGTH: 387

<212> TYPE: DNA

<212> ORGANISM: gimian adenovirus SV-1
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(Generation of viral progeny (FEFU/m1).

BSC-1 LLC-MK?2
Virus 72 hpi 96 hpi 72 hpi 96 hpi
SAV7 null 0 0 0 0
SAV11 null 0 0 0 0
SAV16 null 0 0 0 0
SAV7IWT 2.5E+08 3.7E+08 2. 7TE+07 4 9E+08
SAV11I WT 2.6E+08 n.d.* 1.9E+08 n.d.
SAV16 WT 5.7E+06 1.3E+08 2.0E+06 5.0E+06

*n.d. = not done.

All references, including publications, patent applications,
and patents, cited herein are hereby incorporated by reference
to the same extent as 1 each reference were individually and
specifically indicated to be incorporated by reference and
were set forth 1n 1ts entirety herein.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the invention (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise 1ndi-
cated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing” are to
be construed as open-ended terms (1.e., meaning “including,
but not limited to,”) unless otherwise noted. Recitation of
ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate
value falling within the range, unless otherwise indicated
herein, and each separate value 1s incorporated into the speci-
fication as 11 1t were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein, is
intended merely to better illuminate the 1invention and does
not pose a limitation on the scope of the mvention unless
otherwise claimed, No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrving out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skall
in the art upon reading the foregoing description. The mven-
tors expect skilled artisans to employ such variations as
approprate, and the inventors intend for the invention to be
practiced otherwise than as specifically described herein,
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law, Moreover,
any combination of the above-described elements 1n all pos-
sible variations thereof 1s encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.




<400> SEQUENCE: 1

catcatcaat
cgaggcdgdydy
ggcgggagtyg
tgggtaattt
aggaagttga
gaactttggy
gtcccattta
<210>
<21l1l>
<212>
<213>
<400 >

taaccctgaa

ccgactatga

gggcatgagg

gaggggdgag
cagaatgtag
ctcacctaty
gccgctteta
gcagctgtgy
ctggagatca

gataccgctt

<210>
<211>
<«212>
<213>

<400>
acacagtgta

tctatattca

atagggceggc
tggcgaacyg
gaaccgcggt
ctceggttgga

aaaaaacgtc

atccctetgy

ccetgttget

gccattgccce

cagcctatag

aagttcaccce

cagtctcaca

ccgecctegc

aatatacctt

ccggggtgac

gggaggcgcet

gggcgtatac

ggttaatatg

cgctgacggyg

ttgtactcct

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM :

561
DNA

SEQUENCE: 2

cgttaccgag

atccagcgat

ggtgggcgceyg

tgttcagccc

tgggctccac

ccaccgtgygg
ctgctcgecygyg
cgteteggte
tgtcacgtcg

cagaatctta

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM:

500
DNA

SEQUENCE: 3

aaatgttcag

gttcgtgcaa

tcagatacat

tgggatatat

aaaattcatc

tctectgage

ccagataccce

gagcaatcac

ggggcaaaaa

cgtcttaccyg

ctatatatac

acacccacaa

acgtcacttc

gccaccccgce

29

attctggaaa
gtgcggtgac
tagtttttac
ttgtaagttt
tactttttat
gaggtttcgc

cagcgtt

gagctgagga
gaggagtgag
gtgtttcaaa
atatctgaca
cgtggacgga
atcatcgttg
catggcggct
tctggttcaa
cctggacgaa

a

ccaaaaatca
gtactgaagc
gttgacctaa
gacacgctcc
cgaatgatta

acagagcaat

agcgggaata
aaaatcctcc
ggcccgtegt
cgtaaacagc
actccaccca
aacccgcegaa
cgcgegectt

gtcaccccac

cgtgccaata

gtggggtgac

gtatgcggaa

tgtgtaattt

gactgggcegg

tacgtggcag

gimian adenovirus SV-1

cggaccacca

gtgaggggcyg

atgagcggga

tcteogtettc

ngﬂﬂggtﬂg

gacactgccyg

gattttggac

gaagatgccc

ctggctgegc

gimian adenovirus SV-1

ctaagctgcet

aactgtgcgy

aataaaaaga

agcagcaggc
aaaagaacaa

accececectcea

CCccaacgaca

ggtgaaaaaa

cccagcaaat

cacddadadaddad

atgacgctaa

aatccagcgc

Ctcactttcc

gtcaccgcac

US 9,133,248 B2

-continued

tgataatgag

gcggggtggc

ggaggtttta

ggcgcgaaaa

aatttctgct

taccacgaga

catgctgtct

gagccacaaa

cgacqdygacdy

cttcctgggce

cccctgcaaa

cggcagctgce

tatataacca

tgaatgtgat

agatatccca

cCctttaaaaa

gaatatgcac

atcattaaac

aagcaaccgg

cagagacttc

cattcatatc

gctgcaaaga

gcacatacat

gcacataaat

tcgagctaaa

taccgcacca

cgtcagcact

cacacacygcc

gtcaccccecgyg

cyggggaggay
gcgaggyceygd
taccggaagt
ccgggtaatg
gatcagcagt

aggctcaaag

tgcctgegta
gggtataaag
caatgcgttt
aggagttcgt
ttccgecacce
cgcttetget
actggccact
cttgactcgce

agctaacccc

gtccagtact
agcaaaaaaa
taaagaagcc
ctgtcccegy
ccaccatgta
cgctacagaa

cagcdadaadacd

attagaataa

atgttcatca

atccacccaa

coccacgacca

tccgcaattt

cttcgeecge

ccecegectag

60

120

180

240

300

360

387

60

120

180

240

300

360

420

480

540

561

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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-continued

ctccteccecceg ctcattatca tattggcacyg tttceccagaat aaggtatatt attgatgatg

<210> SEQ ID NO 4

<211> LENGTH:
<212> TYPERE:
<213> ORGANISM:

399
DNA

<400> SEQUENCE: 4

catcatcaat

cgaggeydgygy

gcgggtgtgt

aagatgggta

aatgaggaag

cagtgaactt

aaaggtccca

aatatacctt

ccggggtgac

gtgtgggagyg

atttgggcgt

ttgaggttaa

tgggcgctga

tttattgtac

<210> SEQ ID NO b5

<211> LENGTH:
«212> TYPERE:
<213> ORGANISM:

457
DNA

<400> SEQUENCE: b5

ttgtcctgcec

cacaaagggt

ggacggcaac

ctgggcagga

tgcaaattcc

agctgccgcet

taaccaactg

tgtgatccty

tgcgcaccga

ataaaggggc

gcgtttgagg

gtgcgtcaga

gccaccctca

tctgctgecy

gccactgcag

actcgecctygy

«<210> SEQ ID NO 6

<211> LENGTH:
«212> TYPERE:
<213> ORGANISM:

300
DNA

<400> SEQUENCE: o

cacccaacag
acgaccaaag
gcaatttcag

gcccttegec

cCtcctececcyg

cctatagcta

ttcacccaca

tctcacaacg

ccgecctegc

ctcattatca

<210> SEQ ID NO 7

<«211> LENGTH:
«212> TYPE:
<213> ORGANISM:

382
DNA

<400> SEQUENCE: 7

attctggaaa

gtgcggtgac

cgcettagttt

atacttgtaa

tatgtacttt

cggggaggtt

tcttcagegt

ctatgaatcc

gtgaggggtyg

gtggagtgtt

atgtagtggg

cctatgccac

cttctactgc

ctgtggcgtc

agatcatgtc

tatatacact

cccacadadadac

tcacttccgc

gccaccceccgce

tattggcacy

gimlian adenovirus SV-7

cgtgccaata

gcggggtggce

ttacgtatgc

gttttgtgta

ttatgactgyg

tcgctacgtyg

tttcgetgy

gimian adenovirug SV-7

agcgacdgagy
ggtgtgatga
cagcccttat

ctccaccgtyg

cgtgggatca
tcgcggcatyg
tcggtcotcetyg

acgtcgce

gimian adenovirus SV-7

ccgcoccaatyg
ccgcgaaaat
gcgcectttte

gtcaccgcac

tttccagaat

gimian adenovirugs SV-11

tgataatgag

gcegagyggceydy

ggaaggaggt

atttggcgcyg

gcggaatttc

acagtaccac

agtgaggtga

ttcaaaatga

ctgacatctc

gacggacgac

tcgttggaca

gcggctgatt

gttcaagaag

acgctaatac

ccagcgcecgt

acattcccac

gtcaccccecgyg

aaggtatatt

cyggggaggay
ggcgaayggyggc
tttataccgyg
aaaactgggt
tgctgatcag

gagaaggctc

ggggcggage
gcgggacgac
gtcttectte
cggtcgcoccc
ctgccecgoggc
ttggactgta

atgccctgaa

cgcaccaccc
cagcacttcc
ACaCacCCCYcC

ccecegectag

attgatgatg

catcatcaat aatatacctt attctggaaa cgtgccaata tgataatgag cggggaggag

cgaggcgggyg ccggggtgac gtgggagtgg ggagatgggce ggggcegaggt tegcaggcedg

900

60

120

180

240

300

360

399

60

120

180

240

300

360

420

457

60

120

180

240

300

120

32



atgcggggag
aatttgggcg
gttgaggtta
ttgggcgcty

atttattgta

gegtttagtt
tatacttgta

atatgtactt

acggggaggt

ctcctecagey

«<210> SEQ ID NO 8

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

201
DNA

<400> SEQUENCE: 8

taaccctgaa

ccgactatga

gggcatgagg

gaggdggdygag

33

tttacgtatg
agttttgtgt
tttatgactg
ttcgctacgt

tt

cygygaaggagyy
aatttggcgc

ggcggaattt

ggcagtacca

gimian adenovirug SV-11

US 9,133,248 B2

-continued

ttttataccg gaagttgggt

gaaaactggyg

taatgaggaa

ctgctgatca gcagtgaact

cgagaaggct

caaaggtccc

cgttaccgag gagctgagga cggaccacca catgctgtcet tgcecctgegta

atccagcgat gaggagtgag gtgaggggcyg gagccacaaa gggtataaag

ggtgggcgcg gtgtttcaaa atgagcggga cgacggacgg caacgcgttt

tgttcagtcc

<210> SEQ ID NO 9

<«211> LENGTH:
<212> TYPE:
<213> ORGANISM:

283
DNA

<400> SEQUENCE: 9

ccaatgacgc

gaaaatccag

cttttcacayg

gcgtcacccce

tcatattggc

taaaaccgcy

cgccgtcagce

tcccacacac

gcgtcaccct

acgtttccag

<210> SEQ ID NO 10

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

401
DNA

<400> SEQUENCE: 10

catcatcaat

tttggtgacy

gggggagtgt

tgtggggagt

gttttggcygce

ggaggaatat

ggcaccacca

aatatacctt

tatgcggaaa

ccgggegtgg

tttaaaccgy

gaaaactgat

ttaccgagygy

cgcgactygcet

<210> SEQ ID NO 11

<211> LENGTH:
«212> TYPERE:
<213> ORGANISM:

590
DNA

<400> SEQUENCE: 11

a

ccacccacga
acttccgcaa
acacccgcegc
cgcgtcaccc

aataaggtat

atttgggaac
tgggcggagt
gaacggaagt
aagcaaggta
aaaaagcgga
ccggtgaact

caaagtcccce

gimian adenovirus SV-11

ccaaagttca

tttcagtctc

ccttegeccey

cggeoceegec

attattgatg

gimian adenovirug SV-16

ggtgccaata

taggggcggy

gacgtagggyg

ttttaaacgc

agttcggtta

ttgagcggty

gtttattgte

gimian adenovirug SV-16

cccacaccca

acaacgtcac

CCcccgccectce

CCcgctcctcce

atg

tgctaatgag

gtttggcggt

gcegcegcecgya

ttgcaagcgce

atcattaatt

acgceggtggt

t

caaaacccgc
ttcecgegegce
gcgcocaccecc

ccgcectcatta

gtgggcggag
aggcgtggcet
ggtgacgtcg
aattttgtcg

tttacgatag

ttegttacgt

aacgtgaccyg aggagctgag ggccgatcac gtgatgcetgt cttgcaaccg caccgactat

gccaccagcg acgaggagag tgggtgaggt gagtgggcegt gacctgggceg agcctatata

Adydygygcydycy gagggtcttg gggtctattg cctgaaaaat gagcggggtg gcgygygaygacyd

180

240

300

360

382

60

120

180

201

60

120

180

240

283

60

120

180

240

300

360

401

60

120

180

34



cgagcgtgaa
gggcaggagt
cgaactcctc
ccgeccocgocgc
acaaccatct
tggtgttgga

ctgacttggc

ctttcagggce

gcgtcagaat

taccctcacc

ttcagcagcet

ggcaactacc

acgtctggag

cgccaccttt

<210> SEQ ID NO 12

<«211> LENGTH:
<212> TYPE:
<213> ORGANISM:

299
DNA

<400> SEQUENCE: 12

aatcagccca
aaaagccctt
gacgtcacct
gccacgccta

tccgcccacc

caactcaaag
taattcccac
ccggegegcec
ccgccaaacc

tcattagcat

<210> SEQ ID NO 13

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

458
DNA

<400> SEQUENCE: 13

catcatcaat

taggggtgga
cgtggggege
attgacgtac
actttttggt
tttttacggt
gtttccctac

cctttttgag

aatatacctt

gtgagggtgg

ggggtggagc

acggtagtaa

cattttggcy

tgggagggaa

gtggcagtgce

ggtatttaaa

<210> SEQ ID NO 14

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

274
DNA

<400> SEQUENCE: 14

ccatcagtgt

gaatctgaat

atcaaagacc

gaccctgaac

cgattacgaa

aacctgaccce

ggggtgttceg

cgttgtcgcec

gtgacggagg

agcagcgatyg

<210> SEQ ID NO 15

<211> LENGTH:
«212> TYPERE:

125
DNA

35

ggagtgttta
gtggtgggcet
tacgcgaccy
gcttctacgyg
gctgcecggttt
ttgctgactc

cceccecttececce

gtcactgccg
agtcacttcc
ccctacgtcea
ccgceccctaa

attggcaccy

atttgggaac
ggtgcggatg
gcgagggtga
gtttgagcgg
cgaaaactga

aactgctgat

cacgagaagyg

caccgtcaga

acaccaaggt
atctgactat
cctgcgagtyg
agctgcgccc

aggattaaga

gcccatattt

ctaacctgga

tgggcgcctc

ctcgegttcet

cgceggacggt

gtcagttgga

cggatgaccc

gimian adenovirug SV-16

cccgtaaaaa
gtatttccac
cttecegttec
ctcegeccat

ttcccaaata

gimian adenovirugs SV-18

ggtgccaata

ACHCYggCgcC

g99cygyggcy

aaattaagtyg

gtaatgagga

cagcgctgaa

ctcaaagtcc

ccgtcaag

gimian adenovirugs SV-18

gttgctggayg

ggagatgtac

cggtgccaat

ggaccaccag

ggtyg

US 9,133,248 B2

-continued

gacatctcgce

tggccgcccy
accgttggac
ggcggcagat
gagagaagag
agagctttcg

gcagcagtaa

accgccaaaa
ttcctcaaaa
cacgcccgga
ttccgcecatac

aggtatatta

tgataatgag

ggggcggggt

aggygcygygcedyy

aattgggcgt

agtgagacgg
ctttgggctce

Ccgttttatt

acggatgcett

aagatagtga

cacctgagga

atgctgtcect

cttccagcett

gtggcccecegyg
accgccgcetyg
ctgggcecttt

tccatgcagce

gcgaaagtgg

aatcccgceca
ctccecccaaac
cactcccececa
gtcaccaaac

ttgatgatg

gaggcggggt
gggagtctga
gcgeggegga
gttttttgta

actctgccct

tgacgcggtyg

gtgtgctcag

tttcgecgagt

gatttgatga

tgtatcccgt

gtctgcgcac

240

300

360

420

480

540

590

60

120

180

240

299

60

120

180

240

300

360

420

458

60

120

180

240

274

36



<213> ORGANISM:

<400> SEQUENCE:

15

37

gimian adenovirugs SV-18

US 9,133,248 B2

-continued

ccacgtcaga ctcceccaccoccec gCcCCCyCycCcC cgcgtcatcc gcacccCcacc ctcactccac

ccctaacccee gectectcat tatcatattg gcaccgttcece caaataaggt atattattga

tgatg

«<210> SEQ ID NO 16

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

<400> SEQUENCE:

catcatcaat
cgaggcgggy
atgtggggag
aatttgggcyg
gttgaggtca
ttgggegetg
atttattgta
<210>
<21]1l>
<212 >
<213>
<400>

gtaaccctga

accgactatyg

ggggcatgag

tgagggggga

tcagaatgta

cctcacctat

tgccgettcet

tgcagctgtyg

cctggagatc

cgataccact

SEQUENCE :

382
DNA

lo

aatatacctt

ccggggtgac

gcgtttagtt

tatacttgta

atatgtactt

acggggaggt

ctcctecageyg

SEQ ID NO 17
LENGTH :
TYPE :
ORGANISM:

559

DNA

17

acgttaccga

aatccagcga

gggtgggcgce

gtgttcagtc

gtgggctcca

gccaccgtgyg

actgctcgeyg

gcgtcetceggt

atgtcacgtc

tcagaatct

<«210> SEQ ID NO 18
<211> LENGTH: 73

«212> TYPERE:
<213> ORGANISM:

<400> SEQUENCE:

DNA

18

attctggaaa

gtgggadtgg

tttacgtatg

agttttgtgt

tttatgactg

ttcgctacgt

cC

ggagctgagg

tgaggagtga

ggtgtttcaa

catatctgac

ccgtggacgg

gatcatcgtt

gcatggcggc

ctctggttca

gcctggacga

gimian adenovirug SV-38

cgtgccaata
ggagatgggc
cggaagyggagyy
aatttggcgc
ggcggaattt

ggcagtacca

gimian adenovirus SV-38

acggaccacc

ggtgaggggce

aatgagcggg

atctcegtett

acgaccggtc

ggacactgcc

tgattttgga

agaggatgcc

actggctgceyg

gimian adenovirug SV-38

tgataatgag

ggggcgaggt

ttttataccg

gaaaactggyg

ctgctgatca

cgagaaggct

acatgctgtc

ggagctacaa

acgacggacg

ccttectggy

gcccecctgega

gcggceagcetyg

ctgtataacc

ctgaatgtga

cagatatccc

cggggaggay
tcgcaggcygy
gaagttgggt
taatgaggaa
gcagtgaact

caaaggtccc

ttgcctgegt

agggtataaa

gcaatgcgtt

caggagttcg

attccgccac

ccgcettetge

aactggccac

tcctgacteg

aagctaaccc

ccoeggecce gectegetee tecocccgcetca ttatcatatt ggcacgttte cagaataagg

tatattattg

<210>
<211>
<«212>
<213>

<400>

SEQUENCE :

atg

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM:

394
DNA

19

gimian adenovirugs SV-39

60

120

125

60

120

180

240

300

360

382

60

120

180

240

300

360

420

480

540

559

60

73



catcatcaat

gttacgcgac

Cg999<9g999

CtLttattcat

aagagtgaaa

tacccgcetga

aaaggtcccc

ataacaccgc

ctttgtcttyg

cgggcgtgtc

tttgcaagtt

aatgccgagy

Cgtgtgggtt

attttacgac

<210> SEQ ID NO 20

<«211> LENGTH:
<212> TYPE:
<213> ORGANISM:

589
DNA

<400> SEQUENCE: 20

ctgtgatggg
ggaggagttt
gagggtgggc
gagcggatca
gacagggcgc
cggacgtccc
tactctggac

gatcatggct

gctttaccgyg

gcagctggtg

gatggtgact

tcttecteygg

tataaagggy

agcagccaga

ttgcctgect

gtggatccat

agcgcecgctyg

attaacccaa

cgagatctag

tcgacccgag

<210> SEQ ID NO 21

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

612
DNA

<400> SEQUENCE: 21

gcaacggtty
cgtagggagc
atgagagcca
ccggactgca

gcctcegggta

gtgtactgag

gtcaaaagtt

aaaaacactt

gcccoogeccec

ggtcgcgtaa

tattgatgat

aggtctccac

taaaatggcc

cceccattegy

aaagctgttc

aagcagccat

gcgctcagag

cacccggogc

ccgtataaaa

gcgctcoctec

ctccgcccac

ga

<210> SEQ ID NO 22

<211> LENGTH:
<212> TYPERE:
<213> ORGANISM:

2796
DNA

39

aagatggcga
ggaacgcgga
gcgeggeggt
tttctgtaca
tagtcaccygg
tcggtctcta

tccacctcga

gaggaggtgc
acgaggagda
aggtgtcggce
ccgcegcetgag
gggccggagt
ctaacgctgc
ccgecgeagce
gcctttacag
ctcaagtggt

tggagcaact

ataatcagcyg
agtatagccc
cgggatcaca
aggcaaacgc
gccaagcgct
cagcggctat
gcccgaaaaa

tttcegggtt

ccgaaacccyg

ctcatttgca

ccgagttaac

agtgggcgceg

gacgcegecdy

ttttggcgcy

gtggagatct

CCLEtttcact

gg94

gimian adenovirugs SV-39

gactggacac

ctaggtaggt

tgacgctgtc

cttcgacggy

gcgtcagaat

ttctatgcgc

cgccacctca

ccctgtatcc

ggaccaactc

ttCCCgCCCt

gimian adenovirus SV-39

cccacaaaaa

catggcaccc

aaatcagtcyg

ccetgeggtc

taccgtgcca

atactctacc

acccgcogaaa

accggegegt

ccgogaccac

tgttaactcyg

gimian adenovirus SV-1

US 9,133,248 B2

-continued

atgcaaatga

gﬂgggtttﬂg

ggacccggaa

aaaactgaaa
gacctttgcc

gtggttttcce

tgtcagcact

ggttggggcyg

CCCctgttttt

gccgtgtaca

gttaccggtt

tacgctacta

gccgctetet

gtggacacct

gcagccgtga

ccccagtaa

tcccatctcyg

gaacgctaat

gagaaaacaa

ccteteggta

agagcgactc

tgtgacgtca

atccacccaa

caccgecgcey

ttccgegtte

gtcgccatcet

ggtgggcgga

gg9gaggagcy

attgagtagt

cgaggaagtyg

gtgtggagtt

gggtacggcc

cttgcctgeg

tggccagcga

caggtaccat

gccectttet

cgaccgtgga

tcagcacatc

ccgocgcecaa

cagccctgga

gccaacagtt

aacttgctecg

ctgcaagtat

cgtatacacc

caccagygcadada

agacgaaaaa

agaaccgaaa

aaagcccgcyg

cgacacgccc

cccaagacadaa

tgcggtgtta

60

120

180

240

300

360

394

60

120

180

240

300

360

420

480

540

5895

60

120

180

240

300

360

420

480

540

600

612

40



<400> SEQUENCE:

atggccaccc

tcggagtacc

ttgggaaaca

tcgcaaaggc

aaagtgcgct

tttgacatcc

tacaattccc

aaagttaaag

aaagagggta

gataaaacgt

accgatgaca

ggctcatatg

gacgtgcaaa

gcagttctat

ccaacagtca

aaccgtccaa

acaggtaaca

caagacagaa

cggtactttt

gaaaaccatg

gtaaccgaca

aacggcgttt

attaacctgc

ccagactctc

cagtatatga

gcgegetggt

ggactccgcet

gtgccccaga

gagtggaact

cgagtggacg

atggcccaca

tctttcaacy

agcgtgecca

cgcctcaaaa

tcecggetceca

tcaatcatgt

gagttcgaaa

accaaggact

tacgtgcccy

22

catcgatgat

tgagcccecgy

agtttagaaa

tgaccctygey

acacgctggc

ggggagtgcet

tggctcccaa

tgagggcaca

ttcaggtggg

atcagcctga

aaatagcagyg

ccaggcccac

atcccgaatt

atgcggagga

ctgaaggcat

actacatagc

tgggagtact

atactgagct

ctatgtggaa

gcgtagaaga

cctactcgcc

tcaccgaaag

aagccaacct

tcaaaatcac

acggtcgegt
ccococgatgt
accgttceccat

aattctttgce

tccgcaagga

gggccagcat

acacggcctce

actacctgty

tctccattcec

ccaaggagac

tccectacct

tcgactcctc

tcaagcgttc

ggttcctgat

aaaattacaa

41

gccgcagtgg
tctcecgtgcag
ccccaccgtyg

ttttgtgecc

cgtaggggac
ggatcgcggt
gggcgctecc
ggcgcctttt
agtaacctta
gccgcaaatt
aagagtgcta
taatgaaaaa
acaatttttct
cgtgtcaatt
tacaagttca
ctttagagat
gdgcaggccad
gtcctaccaa
ccaagctgtg
tgaattgcct
tataaaggtt
aggagtggaa
atggcgtagc
tcctgacaac
gacgccaccc
catggacagt
gctcctggga
aattaaaaac
cgtgaacatg
ccgcettegac
caccctggaa

cgcggecaac
ctctegeaac

ccectegetyg

ggacggcacc
cgtcagctgy
ggtggacggt

tcagatgctc

ggaccgcatg

tcttacatgc

ttcgcocecgey

gccCccCacccC

gtagaccggg

aaccgagtgc

cccagtttta

aaccctgceag

gttagctcgt

acagactccyg

ggagaactac

dadaddadacad

ggaggacagy

gcctctacta

gaagcgccag

gaggctctac

aattttattyg

gcttctcecage

ctcatgttgy

gatagttacg

aattattget

aatggaggag

ataggttcag

tttctgtact

atcacactcc

gggctggttyg

attaaccctt

aacggacgct

ctgctgcectgc

atcttgcaga

agcatcaacc

gccatgcectgce

atgctgtacc

tgggcagcct

ggctccgggt

ttctacctca

ccocggcaacyg

gaagggtaca

agccactaca

tactctttct

US 9,133,248 B2

-continued

acatcgccgyg

ccaccgacac

acgatgtaac

aggacaccgc

tggacatggc

agccctactc

aatggacgaa

atggtgctac

gatcaacacc

agtggaacag

cgcccatgtt

caacaccgtc

atgtcgccaa

acactcactt

tgacccaaca

gtctcatgta

taaatgcagt

acgccctegyg

atcctgatgt

ttcctttgyy

gcaatggatyg

ggaacatgtt

ccaatattgg

cagagaacaa

acacctacgt

tCaatcacca

acgtgccctt

tcceccggtte

gctcocgctggyg

tgtacgccaa

gcaacgacac

ccatccecgc

tcaggggctg

tcgaccccta

accatacttt

accgtcectget

acgtggctca

acatcggcta

tcagaaactt

gcaggacgcc
ctacttcagc
cacggaccgc
gtactcttac
cagcacctac
gggtaccgcg
ttcagacagc
agcgattaca
acagtatgca
cgatgttgga
ccettgttac
cgctagtcaa
tacaccaaaa
ggtgttcaaa
agctgctccec
ctacaatagc
tgttgacctg
agaccgcagt
aagaatcata
aggcatggca
ggaagccaat
tgccatggag
gctgtacctyg
aaacacctat
taacgtgggc
ccgcaacgcce
ccacatccag
ctacacctac
caatgacctg
CCLCCttcCcccce
caacgaccaa

CaacyCccacc

gagtttcacc

cttcgtcectac

caaaaaggtg

gacgcccaac

gagcaacatg

ccagggcttce

ccaacccatg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



agccgccaaa

cagcataaca

tacccggcca

aaaaagttcc

atgggctccc

gatatgacct

gtcttcgacy

cgcacacctt

ttgtagattc

actcagggtt

actatcccta

tctgcgaccy

tcaccgacct

ttgaggtgga

tggtgcgcat

tctectgecgy

<210> SEQ ID NO 23

<211> LENGTH:
«212> TYPE:
<213> ORGANISM:

2766
DNA

<400> SEQUENCE: 23

atggccaccc

tcggagtacc

ttgggaaaca

tcgcagaggc

aaagtgcgct

tttgacatcc

tacaactccc

aacaaactta

attcaggttyg

taccaacccg

gcggygaaygay

cccacaaacd

actccggygcy

gaaactccag

cttcecttgggc

attggtttaa

caattgaatyg

ctggacgcac

tatgacccag

tgttttectc

ggaggcagtyg

attggctccyg

Ctcttgtatctt

atcacgctgc

gggctcatag

attaaccccet

aacggccgtt

catcgatgat

tgagtcccecygy

agtttagaaa

tgaccctygcey

acacgttggc

ggggggtgcet

tggcccccaa

aagcatatgc

ggctagttgt

agccacaaat

tcctaaagaa

aacaaggagyg

acacccadgaa

atactcactt

agcaggctgc
tgtactacaa

ccgtagtcega

tgggggatcg

acgttagaat

tgggaggaat

gaaatacatg

gaaacatgtt

ccaatattygy

cadaaaacdad

acacctatgt

CCcaaccacca

atgtgccttt

43

aacggcttac

cgtgggctac
tccectgatt
ggtgatgtgyg
gyggygcagaac
tcccatggat

ccaccagcecyg

taacgccacc

gccgcagtgg
cctegtgecag
ccceccaccegtyg

ctttgtgccc

cgtaggggac
ggatcggggt

gggagctccc

tcaggctccc
gacagagtca
tggggaaaac
agatacccct
gcaggcaaaa
cacggctaaa
agtgtttaaa
acctaacaga
tagcactgga
cttgcaggac
cagccgatat
tatagaaaac
ggtggtgact
gcaggcagac
tgccctggaa

gttgtatctt

aaacacttat

aaacgtgggc
ccgtaacgceg

tcacattcag

actaattatc

atgggaccca

gyggccaccy

aggatcccct

atgctgtacyg

gagcccacgc

caccgaeggcy

acctaa

gimian adenovirus SV-7

tcttacatgce

tttgccegey

gcocCcCcCacCcccC

gtagaccggg

aaccgagtgc

cccagcttca

aacccctegy

taccagagtc

ggacaaacac

caatggaatt

atgtttcccet

aaccaagaag

gtggtacttt

ccecgatgacy

cccaactaca

aacatgggcy

agaaacaccyg

ttttcaatgt

cacggagtgg

gacaattaca

aatactacat

attaacctac

ccagactctc

cagtacatga

gegegetggt

ggcttgcgcet

gtgccccaaa

US 9,133,248 B2

-continued

aggatgtgaa

ccatgcgaga

ccgtgceccag

tctctagcaa

ccaactccgc

ttctcetatgt

tcatcgaggc

acatcgccgy

ccaccdacdac

acgatgtgac

aggacaccgc

tggacatggc

agccctattc

aatggacgga

aaggacttac
cccaatatgce

tagaacaaga

gctatgggtc

tagatttaca

atgctgaaaa

acagcaccag

taggttttag

tgﬂtggﬂﬂgg

agttgtccta

ggaatcaggc

aagacgaact

actctgtgac

ttagtcaaag

aggccaacct

tgaaaatcac

acggtcgcegt

ccececcgatgt

accgctccat

aattctttge

actgccatac

ggdgcaggcec

cctcacgcag

cttcatgtet

tcacgccttyg

tctgtttgaa

cgtctacctg

ccaggacgcc

ctacttcagc

cacggaccgc

gtactcttac

cagcacctac

cggcaccgct

cacttccgac

aaaggatggt

aaacaaagtg

agataaagcg

atatgccagg

gttttttgece

tgtcaacctg

Ctcaaaactt

agataatttt

acaggcttct

ccagctgatg

agtagacagc

gccaaactat

gcctcaaaat

adgagcygcay

Ctggﬂgﬂggﬂ

ccCccgacaac

AdCqCCcaccCccC

catggacagc

gctcttgggc

cattaaaaac

2400

2460

2520

2580

2640

2700

2760

2796

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

44



ctgctgcettc

atcctgcaga

agcattaacc

gccatgctgce

atgctgtacc

tgggctgcct

ggctceggtt
CCLttacctca

ccocggcaacyg

gaagggtaca

agtcactata

tactccttcet

acagactaca

atgggaccca

ggagagactg

aggataccct

atgctgtacyg

gagcccacgce

caccgcegygcy

acctaa

tcccocecggttc

gﬂtﬂgﬂtggg

tgtatgccaa

gcaacgacac

ccatccccgc

tcaggggctg

ttgaccccecta

accacacttt

accgcectgcet

acgtggccca

atataggtta

tccgcaactt

aagatgtcaa

ccatgcgaga

ccgtacccag

tctctagcaa

ccaactccgc

ttctctatgt

tcatcgaggc

<210> SEQ ID NO 24

<211> LENGTH:
<212> TYPERE:
<213> ORGANISM:

27757
DNA

<400> SEQUENCE: 24

atggccaccc

tcggagtacc

ttgggaaaca

t cgcagaggc
aaagtgcgct
tttgacattc
tacaactgtc
aaaacacacg

aaagtaggca

ccggaacccc

gcaggacgaa

cccacaaacyd

acgggtagcet

acgccagaca

gctttgttag

ttcattggac

catcgatgat

tgagtcccgy

agtttagaaa

tgaccctygey

acacgctggc

ggggggtgcet

tggctcccaa

ttagaggtca

ctgatactgy

aggtgggaga

ttttaaagaa

aagaadgdgyyy

ccaatacaac

cccacctggt

cgcagcaagc

ttatgtatta

45

ctatacctat
taatgacctg
CCLCLLCCcCccCcC
caatgaccag
caacgccacc
gagttttact
ctttgtttac
caaaaaggtg
aacgcccaac
gagcaacatyg
ccagggcttc
ccaaccaatg
gctceccectac
gyggacaggcc
cctcacgcag
ctttatgtcg
tcacgccttyg
tctgtttgaa

cgtctaccty

gccgcagtgyg
cctegtgecag
ccceccaccgtyg

ctttgtgccc

cgtaggggac
ggatcgggga

gggcgcccct

agcgcecocttt

aaaccccgga
aacacaatgg
aacaacaccc
gcaggctaca
tcccaaagtt
gtttaaacca
tgctccgaat

caacagtaca

gagtggaact
cgagtggacy
atggcccaca
tccttceaacy
agcgtgccca
cgcctcaaaa
tccggetceca
tctattatgt
gagttcgaaa
accaaggact
tatgtgcccy
agccggcagyg
caacacaaca
tacccggcca
aaaaagttcc
atgggctccc
gacatgactt
gtcttcgacy

cgcacacctt

gimian adenovirus SV-11

tcttacatgc

tttgcoccgey

gccCcCCacCcCcC

gtagaccggg

aaccgagtgc

cccagcttca

aacccttcag

attagcgatyg

caggcaattt

aacagcgacyg

atggttccgt

dadaccadadcaad

gtgctgtatt

acagttactyg

cgtccaaact

ggaaatatgg

US 9,133,248 B2

-continued

tccgcaagga

gggccagcat

acacggcctce

actacctgtg

CLtctattcc

ccaaggagac

ttcceccectacct

ttgactcctc

ttaagcgttce

ggtttctaat

agaactacaa

tggtagatac

actcagggtt

actatcccta

tctgcgaccy

tcaccgacct

ttgaggtgga

tggtgcgcat

tctectgecygy

acatcgccgyg

ccacCygacac

acgatgtgac

aggacaccgc

tggacatggc

agccttactc

aatgggaagg

aaattacaaa

atgctaaaaa

tgggaacaaa

gctacgggtc

tagatttgca

ccgaagacgt

cgggcegtcac

acattgcatt

gagtgctggc

tgtcaacatg
acgctttgac
taccctggaa
cgcggctaac
ttctcecggaac
tccectegetyg

agatggcacc

ggttagctygy
cgtggacggt

tcaaatgctc

ggaccgcatyg

cgtgacttat

cgtgggctac
cceccectgatce
ggtgatgtgyg
ggggcagaac

tcccatggat
ccaccagccg

taacgccacc

ccaggacgcc
ctacttcagc
cacggaccgc
gtactcttac
cagcacctac
cggcaccgct

gtcagacaac

ggagggcata

agcttaccag

cgacaaagcg

ttacgccaag

gtttttctca

ttctettgaa

aaatgcagaa

cagagataac

cggtcaggcet

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2766

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560
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tcgcagttga

atgttggatyg

agttatgacc

tattgttttc

gataacggag

ggaaacatgt

tccaatatcg

ccayaaadacda

gacacctacg

Ctcaaccacc

tacgtgccct

ctcececeggtt

agctcgcectygg

ctctacgcca

cgcaacgaca

cccatccccg

ttcaggggct

ttcgacccct

aaccatactt

gaccgcactgce

aacgtggccc

aacatcggcet

ttcagaaact

tatcaggacy

cccaccatga

accgcececgtgce

cccttctcecta

tacgccaact

acgcttctcet

ggcgtcatcg

acgctgtagt
ctttaggtga
ctgatgtaag
cgctgggggy
gtacatttca
tcgccatgga
gactgtacct
aaaataccta
tcaacgtggg
accgcaacgc
tccacattca
cctataccta
gcaatgacct
actttttccc
ccaacgacca
ccaatgccac
ggagttttac
actttgtgta
tcaaaaaggt
tgacgcccaa
agagcaacat
accagggctt
tccaacccat
tgaaactgcc
gagagggtca
ccagtctgac
gcaacttcat
ccgctcacgc
atgttctgtt

aggccgtcta

<210> SEQ ID NO 25

<«211> LENGTH:
<212> TYPE:

<213> ORGANISM:

2760
DNA

<400> SEQUENCE: 25

atggccaccc

tcggagtacc

ttgggcaaca

tcgcagecgcec

aaggcgcgtt

cctcecgatgat

tgagtcccecgy

agttcaggaa

tgacgctygcy

tcacgctggc

47

ggatttgcaa
cagaagcagg
aattgtggaa
catggcagtc
ggcagataac
aatcaatttg
cccagacacg
ccagtacatg
tgcgegetgy
ggggctacgce
ggtgccccaa
cgagtggaac
gcgagtggac
catggctcac
atctttcaac
cagcgtgccc
ccgcctcaaa
ctccggaagce
gtccatcatyg
cgagtttgag
gaccaaggac
ttacgtgccc
gagccgtcag
ataccagcac
ggcttacccy
gcagaaaaag
gtcgatgggc
cttggatatg
tgaagtcttc

cctgcecgcaca

gccgcagtgg
tctggtgcag
cccoccacggtyg

attcgtccecec

cgtgggcgac

gacagaaaca

tacttttcaa

aatcatggag

accgatacct

actgttgcag

caaqCccaacc

ctaaaactca

aacggtcgag

tcccecccegatyg

taccgctcca

aaattctttyg

ttccgcaagy

ggagccagca

aacacggcct

gactacctgt

atctccattc

accaaggaga

atccceccectacce

ttcgactcct

atcaagcgtt

tggttcctga

gaaaattaca

gtggtagaca

aacaactcgy

gccaactatc

ttcctetgey

tccctcaccg

acctttgagy

gacgtggtgce

cctttetetg

gimian adenovirug SV-16

tcgtacatgc

ttcgcocgey

gcgoccaccc

gtggaccgeg

aaccgcegtgc

US 9,133,248 B2

-continued

ctgaactgtc

tgtggaatca

tagaagacga

actcaggcat

atagagtaga

tgtggcgggy

cccctgacaa

tcacacctcc

tcatggacag

Cgttgctggyg

ccattaagaa

acgtcaatat

tccgettcega

ccaccctgga

gcgcggccaa

cctctcgcaa

ccccatcgct

tggacggcac
cggtcagcetyg
cggtagacgg
ttcagatgct
aggaccgcat

ccgttgecta

gtttcgtggyg

cctaccececcect

accgggtgat

acctggggca

tggatcccat

gcatccacca

ccggtaacgce

acatcgcggyg

ccacCcygacac

acgacgtaac

aggacaccgc

tggacatggc

atatcagcta

agccgtggac

attacccaac

aaaaccttca

aataggttca

Cttcttatac

cattacgctg

nggﬂtﬂgtg

cattaacccc

caacggccgc

cctgetgcetyg

gatcttgcag

cagcatcaac

agccatgcetyg

catgctgtat

ctgggcagcc

gggctceeggy

cttctacctc

gcccggoaac

tgaagggtac

gagccactac

gtactcttte

ccagaacacg

ttacatgggc

gatcggggcc

gtggaggatc

gaacatgctyg

ggatgagccc
gccecgcaccgc

caccacc

ccaggacgcc

ttactttagc

cacggaccgt

gtactcttac

cagcacgtac

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

27757

60

120

180

240

300
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tttgacatcc

tacaactgcc

aaaattaacg

caggtgggca

gcctatcage

gacaaactgg

tacgccatgce

Cttgcaacaa

cttcaaactc

gctcaagctce

gataacttta

caggcctccc

cagctcatgt

gaagacagct

cctaactatt

ttaaatggcy

tcaggcaaca

tattccaata

ctgcccacca

attgacactt

CCtttcaatc

cgatacgtgc

CtCCttCCCg

cagagtacat

aatctttatg

ctgcgcaacy

taccccattce

gcttttagag

ggctttgatc

ttaaatcaca

aacgaccgcec

tacaacgtag

tacaacattg

ttctttagaa

tacaaagaag

cccactatgc

gacgctgtgce

attccegttet

ttgtacgcca

cccaccectte

gcggcegttcet
tggcccccaa
tgagggggca
ccgtgattga
cagaacctca
cagggagagt
ccaccaacgt
caagtaccac
cagatactca
tgctggccca
ttgggcttat
aattaaatgc
tagatgcact
acgatcccga
gttttccact
atacaaattg
tgtttgccat
ttggccttta
accaaaacac
atgtaaacat
accatcgcaa
cCttccatat
gctcctacac
taggtaacga
ctaacttttt
acactaatga
ccgcecaacgc
gttggagctt
Cttattttgt
ctttcaaaaa
ttctcactcce
cccaaagcaa

gttttcaggyg

actttcagcc

taaccttagc

gagagygyggaca

ctaaccaact

ccagcaactt

actcggcgca

Cttatgtttt

49

ggaccgcggt
aaccgctccce
agctccctac
cgctacgteg
ggtgggggaa
gctgaaaaac
tcaaggagga
caacacgcca
tatagtgttt
geaggcggcc
gtattacaac
tgtggttgac
gyggagaccga
tgtaagaatc
gggaggcatg
ggctgccgac
ggaaattaac
tcttectgac
gtacgcttac
aggcgeoccygce
tgcaggactg
tcaggtgccc
ctacgaatgg
cctgagagtg
tcctatggcet
ccagtctttce
caccagtgtg
cacgcggcta
gtattctggc
agtgtctatt
caatgagttt
catgaccaag

attttacgtyg
catgagccgt
ctaccaacat
ggcctatccc
gacacagaaa
catgtccatg
cgcgcectggac

gttcgaagtt

cccagcttta

aacccttccg

tttagccagy

caagcaagcc

aatcaatgga

agcaccccta

caaggagtag

aaggctgtat

aagcctgatyg

cctaacagag

agcactggaa

ttgcaagaca

agtcggtact

attgaaaacc

gcagtgacag

gacaccttta

cttcaagcca

aacctaaadgt

atgaatggtc

tggtccccayg

cgctatceggt

caaaaattct

aatttccgca

gacggagcct

cacaacaccd

aacgactacc

cccatatcta

aaaaccaagg

actattccect

atgtttgact

gaaattaaac

gactggtttt

cctgagaact

caggttgtgg

aataactcgyg

gctaactttc

aagttcctct

ggggccctca

atgacttttyg

ttcgacgtgy

US 9,133,248 B2

-continued

agccctactc

agtgggaggyg

gtcttaccaa

aacctgtgta

acagcgaggc

tgtacccatg

gcgatgtaac

tgtacgctga

ttccecgecagy

ccaactacat

acatgggaat

gaaacaccga

tttccatgtg

acggagtcga

acacatatac

ataacagagt

acctgtggcg

acaccccadga

gtgtgactcc

acgtgatgga

ccatgttgcet

ttgccattaa

aagacgtgaa

ccattcagtt

cctccacttt

tgtgcgceggce

ttcocgteccyg

aaacgcctgce

accttgatgg

cctetgtgag

gctocggtgga

tagttcagat

acaaagaccyg

acactgtcaa

gtLtttgtggg

catatcctct

gcgaccgcat

ccgatcetggy

aggtggatgc

tgcgcattca

gggcacagcc

aagcgataac

agatggtatt

tgctaacccc

gggaggagat

ctacggctcce

catgcaattt

agacgtagcet

cacacaaadac

tggatttaga

gctagctgga

actgtcttac

gaaccaggca

agacgagttyg

tgccataaaa

agaaattggt

cagttttctt

caacataacg

gcceggtett

caatgttaac

gggaaacggt

aaacctactg

catgatcttg

tactagcatt

ggaggccatg

caacatgctc

caactgggca

gttgggctct

cactttttac

ctggccgggt

tggagaaggt

gctgagcaac

catgtattcc

ctacgccaac

ttacatggcc

tattggaaac

catgtggcgc

acagaacatg

aatggacgag

ccagcagcac

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

50
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US 9,133,248 B2

-continued

cgcggcegtca tcecgaggccgt ctacctgege acgecgttet cggccggcaa cgccaccacc

<210> SEQ ID NO 26

<211> LENGTH:
<212> TYPERE:
<213> ORGANISM:

27751
DNA

<400> SEQUENCE: 26

atggccaccc

tcggagtacc

ctgggcaaca

tcccagegygc

aaagtgcgct

tttgacatcc

tacaactccc

aaaattagtg

caagtggcca

ccacaagtag

aggattctaa

aatgaacagyg

gctacctcta

acccatttgyg

actcagcagy

ctcatgtatt

aacgcagtgyg

gCctttgggcyg

cctgatgtca

ccgctaggayg

aacacgtgga

aacatgttcyg

aacgtggccc

gacadcdadddd

acctacgtca

daccaccacc

gtacccttcc

ccegggtect

agcctgggta

tacgccaact

aacyacacca

atcccegceca

cggggcetgga

gatccctact

cctcecgatgat

tgagcccgygyg
agtttaggaa
tgacgctgcg
tcacgctggc
gcggcegtgtt
tggcccccaa
taagaggtca
ctgatacttc
ggcaagaaca
aagacacaac
gyggggcaagy
cgcctaaagc
tgtacaaacc
ctgctcccaa
acaactccac
ttgacttgca
accgcagtcg
gaattattga
ggtcgctagt
caaccgacag
ccatggaaat
tgtacctgcc

acacttacga

acatcggggc

gcaacygcydy

acatccaagt

acacctacga

acgacctccyg

tcttcecececcat

acgaccagtc

acgccaccag

gcttcacccy

tcacctactce

gccgcagtgyg
cctggtgcag
cceccacggty
gttcgtgccc
cgtgggcgac
ggaccgeggt
gggcgecccc
ggctcegttt
tagcggagcet
atggaacagc
acccatgttc
cactaatact
cgtactctat
ggcagttaca
ccgacccaac
tggcaatatyg
agacagaaac
Cttacttctcc
aaatcatggt
aactgaaact
caccacctat
taatttggcy
cgacgagtac
ctacatgaac
gcgcectggtcc
actgcgctac

gccccagaaa

gtggaacttc

cgtcgacggg

ggcccacaac

gttcaacgac

cgtgccecatce

gctcaagacc

gggctccatc

gimian adenovirus SV-18

tcttacatgc

ttcgcocgey

gccCcCCacCcCcC

gtcgaccgcyg

aaccgcegtgc

cccagcttca

aacccgtcag

tttagtacat

gtgtatgcta

gaagccagtyg

ccttgttacy

gtagatctgc

gcecgaggacy

accacygaccda

tacattggct

ggtgttttgyg

accgagctgt

atgtggaacc

gtggaggatg

tatacaggcc

gcaactagag

gccaatctat

aagctcaccc

ggccgegtgg

cCcCcygaccccca

cgctceccatgc

ttcttogceca

cgcaaggacyg

gccagcgtca

accgcctcca

tacctcectgeyg

tccattcect

aaggagaccc

ccctacctgy

acatcgccgyg

ccacCcygacac

acgacgtgac

aggacaccgc

tggacatggc

aaccctactce

aatggaaggyg

ccattacaaa

aaaaggaata

atagtgataa

gttcctacgc

agttctttge

tggcaataga

ctagttccca

tcagggataa

cagggcaagc

cctaccagct

aggccgtaga

agctgccaaa

tatcacccca

gggtggaaat
ggaggagttt
ccgacaacat
ccgcecacccag

tggacaacgt

tgctgggcaa

tcaaaaacct

Ccaacatgat

ggttcgacag

cgctcgaggce

ctgccaacat

cgcggaactyg

cctetetggy

acggcacctt

gcaggacgcc

gtacttcagc

gacyygaccydyd

gtactcgtac

cagcacgtac

cggcaccgcc

ctcagacaac

ggatggtatt

tcagcctgaa

agtagctggt

caagcccacda

ctcttcatcg

agcaccagac

agacctgcta

ttttatcggt

ttctcagcta

catgcttgat

cagctatgac

ctactgtttc

aaacggaagt

cggcetetggce

cctgtactcc

caccctcccce

ctccctcgac

caaccccttce

cggccgctac

CCthtCCtC

cctcecagagce

catcaacctg

catgctgcgce

gctctacccc

ggccgcecttc

ctcecggette

ctacctcaac

2760

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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cacactttca

cgcctgetga

gtggcccagt

atcggctacc

cgcaacttcc

aacgtcaccc

atgcgcgadgyg

gtgcccagcec

tccagtaact

aactccgccc

ctctatgttc

atcgaggccy

agaaggtctc

cccccaacda

gcaacatgac

agggcttcta

aacccatgag

tccceccecttceca

ggcaggccta

tcacgcagaa

tcatgtccat

acgccctcecga

tgttcgaagt

tctacctygey

<210> SEQ ID NO 27

<«211> LENGTH:
<212> TYPE:
<213> ORGANISM:

2796
DNA

<400> SEQUENCE: 27

atggccaccc

tcggagtacc

ttgggaaaca

tcgcagaggc

aaagtgcgcet

ttcgacattc

tacaactctt

acadcaaddad

acaaacggca

aagatttacc

aatgccgcegy

gcttacccta

actggcgcaa

gctaaggttyg

Cttaaacccg

gctcceccaaca

aactcaactg

gacttgcaag

agaagtcgat

ataattgaaa

cagggaattt

gctaacaaca

ataaatttgg

ccagactcct

catcgatgat

tgagtccegy

agtttagaaa

tgaccctgey

tcacccectygygce

gcggaatgtt

tagctcctaa

ccaattcttt

tccaagtggc

agccagagcc

gaagaattct

ctaatgaaaa

acagcgtcag

tactgtacayg

acgttgcaga

gacccaatta

gaaatatggg

acadgaaacac

acttttcaat

accacggcgt

caaacaccta

acgctgccga

cagctaattt

acaagtacac
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catcatgttc
gttcgagatc
caaggactgyg
cgtgccocgag
ccgccaggty
gcacaacaac
cococogecaac
aaagttcctc
gggggcgcetc
catgaccttc
gttcgacgtc

cacgccgttc

gccgcagtgg
cctegtgcag
ccccaccgty
ttttgtgecc
tgtaggagac
agatcgcggt
aggcgctcca
tgctcaagcy
agtagacaca
tcaagttgga

dddadccdadacd

cggcggtcaa

catggagttt
cgaagacgtt
taatgcaaaa
cattggattc
agtgttggca
cgaattgtca
gtggaatcaa
tgaagacgag
caaggggctyg
aaacaatgaa
gtggcgcagt

ccctgacaac

gactcctcocyg

aagcgcaccy

ttcctecatcec

ggctacaagyg

gtcgacacca

ccggggttcg

taccccectacce

tgcgaccgca

accgacctgg

gaggtggacc

gtgcgcatcc

tcggceggta

gimian adenovirugs SV-38

tcttacatgc

tttgcceccgey

gccCcCCacCcCcC

gtagaccggyg

aacagagtgt

cccagcttta

aacccgagtc

tcgtacatag

aacaatgcca

acatcacaat

accccaatgc

gtaaaaatta

Ctcacaacca

aatttggaag

gctgcagaaa

agagataact

ggtcaagcgt

taccagctta

gctgtcgaca

Cttccaaatt

tctgtacaaa

atttccatcy

Cttctatact

attgaacttc

US 9,133,248 B2

-continued

tcagctggcc

tggacgggga

agatgctcag

acaggatgta

ccacctacac

tgggatacat

ccetgatcegy

ccatgtggcy

ggcagaacat

ccatggatga

accagccgca

acgccaccac

acatcgccgyg

ccaccdgacac

acgatgtgac

aagacaccgc

tggacatggc

aaccctattc

agtggataac

gtatgggggce
acgccgeggt
ggaatctgaa
aaccttgcta
ccgatggtac
ccgcocgataa
cgcctgacac
ccettetagyg
ttatcggtet

ctcagttaaa

tgctcgacgce

gttacgatcc

attgttttecc

atggacaaaa

gcaacatttt

ccaatgttgce

caacaaaccd

cggcaacgac

agggtacaac

ccactacaac

CECCLLCCCLCLC

cgactacaaa

gggcoccace

caagaccgcc

catcccecttce

gctgtacgcc

gcccacgctt

ccgeggegtce

-

gcaggacgcc
ctacttcagc
cacggaccgc
gtactcttac
cagcacgtat
tggcaccgct
gaacggggga
aaacctaaca
gtacgcgaat
tcctacgcaa
cggttcctac
aacggaccca
ccagaatcaa
ccacttggtt
gcagcagtcc
aatgtattac
cgcagttgtyg

attgggagac

agatgttagg

actaaatgga

cacatggcag

tgcgatggaa

cctgtacttyg

aaacagctac

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2751

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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ggctacatta

gcccgttggt

ggtctgcgcet

gtgccccaga

gaatggaact

cgtgtcgacy

atggcccaca

tccttcaacg

agcgtgcecca

cgccttaaaa

tceggcetceca

tccatcatgt

gagttcgaaa

accaaggact

tacgtgcccy

agtcggcagg

cagcacaata

tacccggcca

aaaaagttcc

atgggctccc

gatatgacct

gttttcgacy

cgcacacctt

acggcagggrt

ctcccgatcc

atcgctctat

aattttttgc

tcagaaaaga

gggctagcgt

acacggcttc

actacctgtyg

Cctctattcc

ccaaggaaac

ttccecctaccet

ttgactcatc

ttaagcgttc

ggttcctgat

aaaactacaa

tggtagactc

actccggcett

attatccata

tctgcgaccy

tcaccgacct

ttgaggtgga

tggtgcgcat

tctectgecgy

«<210> SEQ ID NO 28

<211> LENGTH:
«212> TYPERE:
<213> ORGANISM:

1726
DNA

<400> SEQUENCE: 28

agtttgcccyg

tggcgcccac

ccgtggacaa

acaaccgggt

gacctagctt

ccaacaacad

cagcttttat

aacaggctgc

ataccaacgt

catgttacgyg

gagacatttc

ttctttacag

tgcgacggaa
ccacgacgtc
ggaagacacc
gctagacatg

caagccttac

ccaatggaac

aggtcaaagc

tgccgacaaa

taccagtaac

ttcatatgcc

gctaaacttt

cgaagatgta

3

tactgccccec
catggacaac
gctcctaggt
tattaagaat
tgtgaacatyg
taaattcgac
caccctggag
cgcagctaac
ctctcecgcaac

tcccectegetyg

ggacggcacc

ggtcagctgyg
ggtagacggrt

tcaaatgctc

ggaccgcatg

ggttaactat

tgtggggtac

tcccctaatt
ggtgatgtgg

gggdgcagaac

tcccatggat
ccaccagccyg

taacgccacc

acctacttct
accaccgatc
gcttactcct

gccagtacct

tccggcacgy

gccacagata
attacaaaag
acttaccaac
gctgcceggac
aatcccacta
ttcacaacaa

aaccttcaag

aacgctattg

gttaaccctt

aacggccggt

ctgcttttac

atcttgcaga

agcattaacc

gccatgctgce

atgctgtacc

tgggcagcct

ggctcecggtt

CCCttacctca

ccocggcaacy

gaagggtaca

agccactaca

tactccttct

gctaactaca

atgggaccta

ggccaaaccy

aggatcccct

atgctgtacyg

gagcccacgc

caccgaggcy

acctaa

gimian adenovirug SV-39

cactgggcaa

ggtcccagceyg

ACdaadcCccCccCd

actttgacat

cttacaactc

acgggaacaa

acggagtgca

cagagcctca

gagtgttaaa

atccaaacgy

ctgcggcagc

cccccgatac

US 9,133,248 B2
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atacatatgt

tCaatcacca

acgtaccctt

tgcctgggtce

gcactctggy

tctacgcaaa
gcaacgacac

ccatccccgc

ttaggggctg

ttgaccccta

accacacttt

accgcectget

acgtggccca

acatcggcta

tcagaaactt

aggaagtaaa

ccatgagaga

ccgtteccag

tctctagcaa

ccaactccgc

ttctcetatgt

tcatcgaggc

caagttcagg

actgacaatc

cttcacgctg

ccgeggegtyg

actggctccec

gccagtgtgt

aatacagaac

aattggagtt

agccaccact

gggtcaggca

agacaataat

tcacttagta

caatattggc

ccgcaacgcce

ccacattcag

Ctacacctac

caacgacctg

CELLLtLtcccece

caacgaccag

AdadcygCcCacc

gagttttacc

ctttgtctac

taaaaaggtg

dacgCcCcCadac

aagcaacatyg

ccagggcttce

ccaacctatg

aatgccattc

aggacaggcc

tctcacgcaa

cttcatgtet

tcacgccettyg

tctgtttgaa

cgtctacctg

dAacCcCccaccy

cgcttegtec

gcegtgggceg

atcgaccgcg

ddadddyyygCcycC

tttgctcagy

tcagaaaatc

tccacctggy

cccatgetgce

aaaacagaag

cccaaagtgg

tataagccaa

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2796

60

120

180

240

300

360

420

480

540

600

660

720
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US 9,133,248 B2

S7 58
-continued
cggtgggaga aaacgttatc gccgcagaag ccctgctaac gcagcaggcg tgtcccaaca 780
gagcaaacta cataggtttc cgagataact ttatcggttt aatgtattat aacagcacag 840
ggaacatggg agttctggca ggtcaggcct cgcagttaaa cgcagttgta gacctgcaag 900
atcgaaacac ggaactgtcce tatcagctaa tgctagatge tctgggtgac agaactcgat 960
atttctcaat gtggaatcag gccgtggaca gctacgatcec agacgttagg attatcgaga 1020
accatggggt ggaagacgag ctgcccaatt actgttttcec actcecccaggce atgggtattt 1080
ttaactccta caagggggta aaaccacaaa atggceggtaa tggtaactgg gaagcaaacg 1140
gggacctatce aaatgccaat gagatcgctt taggaaacat ttttgccatg gaaattaacc 1200
tccacgcaaa cctgtggcgce agcecttcttgt acagcaatgt ggcgctgtac ctgccagaca 1260
gctataaatt cactcccgcect aacatcactce tgcccgccaa ccaaaacacce tacgagtata 1320
tcaacgggcyg cgtcacttct ccaaccctgg tggacacctt tgttaacatt ggagcccgat 1380
ggtcgccgga tcecccatggac aacgtcaacc cctttaacca tcaccggaac gcecgggcectcec 1440
gttaccgctce catgcectgetg ggaaatggac gcegtggtgec tttceccacata caagtgeccgce 1500
aaaaattttt cgcgattaag aacctcctgce ttttgccecgg ctcectacact tacgagtgga 1560
gcttcagaaa agacgtgaac atgattcectge agagcaccecct gggcaatgat cttcecgagtgyg 1620
acggggccag cgtccgcatt gacagcgtca acttgtacgce caacttttte cccatggegc 1680
acaacaccge ttctaccttg gaagccatgce tgcgaaacga caccaa 1726
We claim: 5. The method of claim 4, wherein the cell 1s a HEK-293

1. A method of propagating a monkey adenovirus, which
method comprises contacting a cell with the monkey aden-
ovirus, wherein the cell expresses a gene product encoded by
one or both of the E1A region and the E1B region, and a gene
product encoded by a portion of the E4 region consisting
essentially of E4 ORF6, of a human adenovirus, whereby the
monkey adenovirus 1s propagated in the cell, wherein monkey

refers to both new world and old world monkeys, and does not
include any member of the family Hominidae.

2. The method of claim 1, wherein the human adenovirus 1s
a species C human adenovirus.

3. The method of claim 2, wherein the portion of the E4
region 1s E4 ORF6.

4. The method of claim 3, wherein the cell 1s a human cell.

35
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cell or a PerC.6 cell.

6. The method of any one of claims 1-5, wherein the mon-
key adenovirus 1s replication-deficient.

7. The method of claim 6, wherein the monkey adenovirus
requires complementation of one or more of the E1A region,
the E1B region, and the E4 region of the adenoviral genome
for propagation.

8. The method of claim 7, wherein the monkey adenovirus
comprises a deficiency in the E1 region and a deficiency in at
least a portion of the E4 region of the adenoviral genome.

9. The method of claim 8, wherein the monkey adenovirus
turther comprises a deficiency in the E3 region of the aden-
oviral genome.
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